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PartI. The Absorption and Fate of Nicotine 


INTRODUCTORY REMARKS 


Carl J. Wiggers 
Frank E. Bunts Educational Institute, Cleveland, Ohio 


It must not be expected that in publications of this sort all questions raised 
will be answered satisfactorily. From long experience I have learned that 
there are no crucial experiments. I have tried to design and execute such 
experiments for more than 50 years, and finally have given up the attempt. 
Data and interpretations can be regarded only as doubtful, probable, or reason- 
able, but not quite certain. Furthermore, deductions that appear to be crucial 
in one era become controversial again in the next, when they are reexamined in 
the light of new developments. Let me illustrate this point briefly by recalling 
the evolution of ideas concerning the mechanisms by which nicotine produces 
cardiovascular changes. 

I studied pharmacology in 1903 under Arthur Cushny. It was near the 
beginning of an era when attempts were first made to explain the actions of 
drugs on a physiological basis. Regarding the pharmacodynamic actions of 
nicotine, we were guided by the epoch-making discovery of Langley in 1890 
that the drug exerts an initial stimulating and subsequent paralyzing effect on 
ganglion cells. This seemed to account adequately for the initial bradycardia 
and subsequent tachycardia that followed injection of nicotine solutions into 
experimental animals. We had no precise idea of the way in which ganglionic 
stimulation and paralysis were induced, but hypothesized that the excitability 
of ganglion cells was reduced so far that the intensity of action potentials im- 
pinging upon ganglion cells was below threshold value. 

A sequence of evidence substantiated the interpretations of Henry Dale that 
transjunctional excitations are mediated chemically. Thus it became in- 
creasingly evident that a more precise localization of nicotine action within 
ganglia would be necessary. 

My recollections go back even farther. When I began the study of pharma- 

cology, we knew the cardiovascular effects of nicotine as well as we do today. 
We could explain them satisfactorily by applying the available physiological 
knowledge of the day. The subsequent discoveries that other mechanisms 
can modify the direct effects of drugs on the heart and its nerves then began 
to complicate our simple interpretations. Thus Stewart and Rogoff showed in 
1919 that nicotine liberates a powerful pressor substance from the adrenal 
medulla and, somewhat later, Burn and Biilbring showed that it also releases 
-a powerful coronary vasoconstrictor substance from the neurohypophysis. 
The possible modifications of primary cardiac responses to nicotine by such 
secondary agents obviously needed to be considered. 

In 1927 C. Heymans and his associates found that nicotine also activates 
chemoreceptors in the carotid sinus, which further modulate the reactions in- 

duced directly by the drug. In short, today the effects of smoking on the car- 
diovascular system requires an integration of the ganglionic, humoral, hor- 
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monal, and reflex actions. It is, of course, the purpose of this publication to 
help us crystallize our thinking with respect to the net effect of these various 
processes on the heart and circulation. 

I cannot resist the expression of a final thought that may prove to be less 
facetious than it seems today: modern textbooks of pharmacology assert that 
nicotine is of no therapeutic value; it has only toxicological interest. Since a 
new branch of pharmacology—psychopharmacology—is developing rapidly, 
and since tobacco is probably the most ancient tranquilizing agent in common 
use, it may be necessary to revise our current attitude. Now all tranquilizing 
drugs have certain side effects. These may be beneficial, indifferent, or un- 
desirable. It is one of the present day problems to determine whether the 
possible deleterious effect of smoking on the heart and blood vessels outweighs 
its stabilizing effects on psychic and emotional processes. 

Let us approach the problems before us in a humble spirit, recognizing the 
temporal nature of our deductions, remaining aware of the areas of unenlighten- 
ment, and leaving room for doubt. The greatest lesson that science has taught 
is how much more there is to learn. 


NICOTINE AND ITS BOTANICAL SOURCES* 


R. F. Dawson, Marie L. Solt 
Columbia University, New York, N. Y. 


D. R. Christman 


Brookhaven National Laboratory, Brookhaven, N.Y. 


There is an extensive and well-documented body of information relating to 
the chemical properties of nicotine, to its occurrence and distribution in com- 
mercial varieties of tobacco, and to the changes that it undergoes during manu- 
facture into smoking products. This information has been reviewed! many 
times in the past and need not be repeated here. Rather, since the theme of 
this monograph emphasizes the biological activity of a vegetable product in 
the animal body, it would seem profitable to inquire whether the circumstances 
surrounding the origin of the product in the vegetable world may contribute 
information of value in the comparative biochemical sense. 


The Occurrence and Distribution of Nicotine 


Nicotine has the distinction of being the most widely distributed of all the 
plant alkaloids. It occurs in two separate phyla of the plant kingdom, the 
Pteridophytes and the Spermatophytes. Among the Pteridophytes it has been 
isolated from species of Lycopodium and Equisetum. Among the Spermato- 
phytes, it occurs in the Angiospermous families Erythroxylaceae (Erythroxy- 
lum), Asclepiadaceae (Asclepias), Crassulaceae (Sedum), and the Compositae 
(Eclipta and Zinnia), in addition to the familiar Solanaceae (such as Nicotiana, 
Lycopersicum, Atropa, Datura, Solanum, Petunia, and Duboisia). In the light 
of current concern about the presence of traces of poisonous materials in food- 
stuffs, we should mention that the concentrations of nicotine in tomato (Lyco- 
persicum) and eggplant (Solanum) fruits are too low to arouse concern. 

Nicotine occurs in all members of the genus Nicotiana thus far investigated. 
However, it is found in relatively low concentrations in the wild species that 
still survive. The two species tabacum and rustica, to which all commercial 
varieties of tobacco belong, possess a much higher nicotine content than the 
wild species, but it is well to remember that these two cultivated species have 
survived only through the efforts of man. In the philosophical sense, there- 
- fore, it is tempting to regard nicotine production as a genetically controlled 
capacity that is gradually being depreciated in the course of continuing evolu- 
- tion. 

The above-described distribution of nicotine (and other alkaloids) in the 
plant kingdom coincides with the evolutionary development of the plant body 
adapted for growth on dry land. This plant body is characterized by differen- 
tiation of leaf, root, and stem organs, and of the necessary vascular and storage 


tissues to service them. 


* The work described in this article was supported in part by the United States Atomic 
Energy Commission at Columbia University under contract AT-(30-1)-1778, and-at_Brook- 
haven National Laboratory. The aid of the General Cigar Company, New York, N.Y., the 
- Tobacco Industry Research Committee, New York, N. Y., the American Tobacco Company, 
_ New York, N. Y., and the Rockefeller Foundation, New York, N. Y., is also acknowledged. 
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In the laboratory it is possible to remove tissue masses from various portions 
of the tobacco plant body and bring them into microbially sterile culture. 
Interestingly, with a single anomalous exception, such tissue and free cell 
cultures do not produce nicotine. We have been led, therefore, to suppose that 
production of the alkaloid may be a concomitant of the still-obscure biochem- 
istry of organ or tissue differentiation. Similar conclusions have been drawn 
from investigations of the relationship between nicotine production and growth 
activity in the plant body as indicated in the following section. 


Nicotine Production and Growth Rates 


In the early days of our work on nicotine biosynthesis, we found it necessary 
to develop an experimental system capable of giving substantial and repro- 
ducible yields of the alkaloid, preferably under microbially sterile conditions. 
Such a system was found in the excised tobacco root culture, which at that 
time had just been described by P. R. White? of The Rockefeller Institute for 
Medical Research at Princeton, N. J. Quite unexpectedly, this experimental 
system revealed the existence of a close rate-dependency of nicotine yield upon 
the growth of the root in culture. In the case of our usual experimental object, 
Nicotiana tabacum L. var. Turkish, the proportionality constant relating the 2 
quantities is of the order of magnitude of 30 ug. of nicotine per mg. of root 
dry weight.’ We have found a similar rate dependency to be true for a strain 
of NV. tabacum L. var. Pennsylvania Seedleaf and, with a much lower propor- 
tionality constant, also for a strain of Nicotiana glauca Grah. 

In the plant root, as grown in sterile culture, growth involves a broad range 
of cellular activities: division, volume increase, and differentiation. A small 
group of cells in the apex of each rootlet remains permanently embryonic. 
The progeny of these embryonic cells complete their divisions, enlargement, 
and differentiation within a short distance, measured in millimeters, posterior 
to the apex. This region is recognizable more or less readily as a morphologi- 
cal entity and is referred to simply as the root tip. The significant fact for the 
present discussion is that the root tip is the locus not only for growth activity 
but also for nicotine production. This fact is undoubtedly related to the rate 
dependency of the two processes. 

Experiments aimed at analyzing this rate dependency have not yet given a 
clear picture. Applications of growth-inhibiting concentrations of the so-called 
plant growth hormone, 3-indolylacetic acid, appeared to inhibit cell enlarge- 
ment and cell differentiation but not cell division.’ Nicotine production was 
completely inhibited. The results of these and of many other experiments ap- 
pear to indicate rather clearly the lack of correlation between cell division and 
nicotine synthesis. Both cell division and cell enlargement occur in tissue 
cultures and yet no nicotine is formed. Thus the correlation with nicotine 
formation once again would appear to rest with some aspect of tissue or organ 
differentiation. The puzzling fact is, however, that both tissue and organ 
differentiation occur in stems and leaves. However, the alkaloid-producing 
capacities of stem and leaf are, in the aggregate, only about 10 per cent of the 
capacity of the root system of the individual tobacco plant. Obviously, the 
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essential character of the observed rate dependency is open for some interest- 
ing Investigation. 

We know that nicotine behaves as a terminal metabolite in the plant inas- 
much as it has a very low rate of turnover. Furthermore, the tobacco shoot 
grafted to tomato roots can grow as well without the customary contribution 
of nicotine from the tobacco root system as it does with it.® Attempts to dem- 
onstrate specific physiological effects of nicotine upon plant cells and tissues 
have never resulted in anything really clear-cut to compare with known effects 
upon insect and mammalian systems. Therefore, if the significance of the 
correlation with growth rate is to be explained, it would appear that the process 
of nicotine production, not the product, is the entity upon which attention 
should be fixed. 

The Precursors of Nicotine 

The excised root culture is an ideal system for investigating pathways of 
nicotine biosynthesis. We have prepared various isotope-labeled compounds, 
supplied them to the root cultures aseptically, and ascertained the extent and 
position of label accumulation in the alkaloid subsequently produced. The 
precursor of the pyridine ring has been identified as nicotinic acid. The car- 
boxyl group and the hydrogen atom in ring position 6 of the acid are lost in 
the transformation, but the remainder of the molecule appears to be trans- 
ferred intact.? 

Dewey et al.’ and Leete® have shown that the diamino acid ornithine is the 
precursor of the pyrrolidine ring of nicotine. Ornithine is cyclized and com- 
bined with the pyridine ring precursor via a symmetrical intermediate. 

The details of the reactions by which coupling of the two precursors is 
achieved by the cell are not yet known. They are of great potential impor- 
tance, however, for reasons outlined in the next paragraphs. 


The Rate-Limuting Step 


A rather astonishing aspect of the rate dependency of nicotine yield upon 
root growth is the fact that the proportionality constant of the dependency 
cannot be altered by supplying excess quantities of either or both of the known 


_ precursors of the nicotine molecule to the root culture. Apparently, the iso- 


“a 


“A 


topically-labeled molecules that contribute their labels to nicotine merely 
dilute a pool of precursors from which nicotine is produced at a rate independent 
of actual pool size. 

It seems reasonable to conclude, therefore, that one of the chemical reac- 
tions lying between nicotinic acid and ornithine on the one hand and nicotine 
on the other is rate-limiting for nicotine biosynthesis. Even more important, 
it would seem that the same step is also rate-limiting for the over-all phenom- 
enon of growth. The identity and nature of this step are not yet known, but 
such information will be awaited with great interest. 


Nicotine Production in the Intact Tobacco Plant 


The connection between nicotine production and growth in the aerial por- 
tions of the tobacco plant, the leaves and stems, is obscured_by two factors. 


10 Annals New York Academy of Sciences 


The first is that the plant makes over 90 per cent of its nicotine in the root 
system! and then transports it principally to the leaves via the vascular sys- 
tem. The second is that the plant physiologist usually finds it much easier 
to measure plant growth in terms of increase in leaf or stem mass rather than 
root mass. Consequently little is known about the growth rates of the root 
systems of intact plants. Thus the kinetics of nicotine accumulation in the 
leaf do not reflect the kinetics of leaf growth. Indeed, leaf nicotine content 
may continue to increase after leaf growth has ceased. These facts are not 
fully comprehended by those who conduct applied research on tobacco crop 
production and by the grower. If they were understood, it seems entirely 
possible that methods for the control of nicotine content, especially in dry 
season crops, might be developed. 

In a general sense, however, the mean level of nicotine accumulation in the 
leaf is controlled by genetic factors. Secondary modifications are induced by 
those environmental factors that affect the ratio of root to shoot mass and, 
perhaps, also by the relative intensity of inorganic nitrogen assimilation by the 
roots. The nature of genetic control is not understood fully as yet. It may 
be that the large differences that exist with respect to leaf nicotine content 
between varieties of cultivated tobaccos reflect corresponding differences in 
the proportionality constant relating nicotine yield to root growth. It is 
equally possible that inherited differences in the ratio of total root to total 
shoot mass may explain differences in leaf nicotine content. We have found 
that the excised roots of a Turkish cigarette type and a Pennsylvania cigar 
type of tobacco have the same proportionality constant between nicotine yield 
and growth despite the fact that the nicotine contents of their green leaves 
differ by a factor of two or more. 


Metabolism of Nicotine 


As stated earlier, nicotine turnover in the plant occurs at a low rate. If 
one examines the alkaloid fraction of the green leaf, one usually finds predomi- 
nantly nicotine, varying quantities of nornicotine, anabasine, and anatabine, 
and trace amounts of some others of the pyridine class. It is not known into 
what compounds the small amounts of nicotine are metabolized, but the de- 
struction is probably complete in the sense that the products of turnover are 
no longer recognizable as alkaloids. 

Considerable interest attends the changes that occur during commercial 
processing, however. Most tobaccos are processed by an initial stage, called 
curing, which is essentially a more or less imperfectly controlled autolysis. 
Little nicotine is lost during this operation, but in some cigar tobacco types 
curing is following by another operation called fermentation. In this opera- 
tion, considerable nicotine may be converted to partial degradation products 
including oxynicotine, 3-pyridylmethylketone, 3-pyridylpropylketone, N- 
methylnicotinamide, nicotinamide, nicotinic acid, myosmine, cotinine and 
2 ,3’-dipyridyl. Obviously, chemical attack has centered upon the pyrroli- 
dine ring in most of these cases. The nature of the transformation products in 
the much smaller over-all changes that occur in cigarette tobacco aging have 
not been reported. Nevertheless, these pyridine derivatives, which are prob- 
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ably produced by leaf enzymes during the curing stage and by bacteria during 
the fermentation, may be expected to volatilize in the smoke along with nico- 
tine and its combustion products, and they thus constitute at least a qualita- 
tively important aspect of smoke chemistry. 

Although we know little of the pathways of nicotine breakdown in the intact 
leaf, perhaps it is possible to infer something of the biochemical vulnerability 
of the nicotine molecule from the nature of the products listed above. In 

_ addition, there is a considerable volume of information about the pathways 
of nicotine breakdown by various bacteria. The general conclusion seems to 
be that, in most organisms, attack occurs first on the pyrrolidine ring and 
leads to greater or lesser attrition of that structure. Although the stability 
of the pyridine ring seems to be much greater, there are known cases where 
the ‘pyridine ring is attacked first, interestingly enough, in position 6 by hy- 

_ droxylation, and the aromatic properties of the molecule are quickly destroyed. 


Summary and Conclusions 


The position of nicotine in plant biochemistry offers some interesting features. 

Nicotine is produced by the tobacco plant from two extremely useful bio- 
chemical intermediates, ornithine of the arginine cycle and nicotinic acid of 
the pyridine dehydrogenase systems. It is not known what leads the plant 
to squander these valuable biochemical resources for the synthesis of a mole- 
cule that appears to play no further role in metabolism. 

Looking at the process of synthesis rather than the product, we have dis- 
cerned a close rate dependence between nicotine production and the growth 
of the plant root. Evidence is presented for the view that both root growth 
and nicotine synthesis are paced by the same rate-limiting step. Identifica- 
tion of this step can be of first-rate importance for further understanding of 
the still obscure biochemistry of growth as well as of the biochemistry of alka- 
loid formation. 

Whatever the significance of the tie between nicotine production and growth, 
at present we can regard nicotine as an internal indicator of root growth, the 
actual amount present at any given instant representing a rather exact measure 
of the amount of growth that has occurred. 

- In answering the question posed at the beginning of this paper, it does not 
seem likely that plant biochemistry will be of much help in revealing the effects 

of nicotine on mammals. The facts that emerge are not comparisons, but 

rather contrasts. A useful purpose will have been served, however, if the fact 
that such contrasts exist can be incorporated into our general knowledge of the 
biochemistry of nicotine. 
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ABSORPTION OF NICOTINE FROM VARIOUS SITES 


Janet Travell 
Department of Pharmacology, Cornell U: niversity Medical College, New York, N. Y. 


That hydrogen ion concentration is important in determining permeability 
of cell membranes to nicotine was established decades ago,'® yet this principle 
is still slighted in current texts of pharmacology if, indeed, they mention it at 
all. For this reason, it is pertinent to review our early experiments and some 
unpublished data on the role of the pH in the absorption of alkaloids from vari- 
ous tissues. 


Intact Skin 


Nicotine poisoning after exposure of the skin to an insecticide spray was de- 
scribed by Faulkner® and others!9:"!-2 from 1930 to 1933. Faulkner’s case was 
that of a florist who sat on a bench wet with a 40 per cent aqueous spray solu- 
tion of nicotine and 15 min. later, became critically ill with nicotine poisoning. 
The florist was hospitalized for 4 days and recovered. On discharge, he dressed 
in his clothes, which had been tied in a paper bag and stored when he entered 
the hospital; the seat of the trousers was still damp. One hour later, he had 
a second attack of nicotine poisoning. 

Following these events, Faulkner® showed in 5 cats that nicotine in 40 per 
cent aqueous solution was absorbed through the intact skin; doses of about 280 
to 1500 mg./kg. caused death in 21 to 98 min. On the other hand, in 3 cats a 
dose of about 1100 mg./kg. of nicotine sulfate, likewise in 40 per cent aqueous 
solution, had no effects. The sites of application were covered by an airtight 
cup. 

As a result of this report, I demonstrated annually to pharmacology classes 
the striking difference in the percutaneous absorption of nicotine applied in 
acid and alkaline solutions. Thus, my series of 21 paired experiments extended 
over 21 years. 

Method. Two cats of essentially the same weight were prepared the day 
before the experiment by clipping the fur from about a 5 X 6 cm. area of skin 
over the groin; care was taken not to abrade the skin. One cat received nico- 
tine as the base and the other, an identical amount of nicotine (200 mg.) as 
the sulfate; the concentration of nicotine in each instance was 40 per cent with 
respect to the base. Weights of the paired cats ranged from about 2 to 3 kg., 
and the percutaneous dose of nicotine was thus about 66 to 100 mg./kg. Solu- 


_ tions were prepared by rapidly weighing the fluid nicotine oil and diluting it to 
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volume with either distilled water or a solution of sulfuric acid to provide a 
slight excess of acid above the theoretical neutralization equivalent. The pH 
of the solutions was not determined but, on testing with litmus paper, one was 
found to be alkaline and the other acid. For application of nicotine and nico- 
tine sulfate, animals were restrained on their backs, and 0.5 cc. of each solu- 
tion was introduced from a tuberculin syringe onto the hollow of-the groin 
and rubbed into the skin by the rubber-gloved finger for one minute. Some 
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loss in the fur and on the rubber glove was unavoidable. Cats were released 
within a few minutes, and nicotine effects were often already evident in the 
case of the free base. Subsequently the animals were watched to insure that 
they did not lick the site of application. The site was not covered, but the 
method largely precluded significant ingestion or inhalation of nicotine. 

Results. Results are summarized in TABLE 1. When nicotine was applied 
as the free base, signs of poisoning appeared in from 1 to 4 min., including ear 
flicking, licking, and swallowing, salivation, and increased rate of respiration. 
Vomiting occurred in all animals in 3.5 to 19 min. (average 9.8 min.). Death 
occurred in 17 of the 21 animals (81 per cent) in 21 to 195 min. (average 67 
min.), The 4 surviving animals vomited in 10, 11, 15, and 19 min., respec- 
tively; all 4 were profoundly depressed, and as late as 4 hours after nicotine 
application one was described as “moribund.” 

In the case of nicotine sulfate, no signs of nicotine absorption were observed 
in 9 of the 21 cats (43 per cent). In the remaining 12 animals, the onset of 


TABLE 1 


PERCUTANEOUS EFFECTS OF NICOTINE (200 mc.) AppLieD In AcID AND ALKALINE 
Per Cent AQuEous SOLUTIONS TO THE INTACT SKIN OF THE CaT* 


Incidence of 


Nicotine solution Total cats 
(no.) Pr, 
Nausea Vomiting Death 
(%) (%) (%) 
Alkaline 21 100 100 81 
Acid Je 52 19 0 


* Cats of equal weight were paired for acid and alkaline applications. 


early signs of poisoning (ear flicking, licking, swallowing, and panting) was 
appreciably delayed as compared with the group that received nicotine base, 
and these effects lasted for periods up to 90 min. in the absence of signs of more 
advanced toxicity (vomiting, general depression, and convulsions). Vomiting 
occurred in only 4 animals (19 per cent) in 15 to 69 min. after drug application. 
None of the animals died. 

Discussion. Although the manner of applying the drug, the pH and the 
dose were subject to a number of variables in these experiments, they never- 
theless confirm Faulkner’s observation that nicotine is absorbed rapidly through 
the intact skin from a 40 per cent aqueous solution of its base and very slowly 
from a 40 per cent aqueous solution of its sulfate. Under the conditions of our 
experiments, the percutaneous absorption of nicotine, applied as the sulfate 
keeps pace approximately with its elimination, which is of the order of 1 mg./ 
kg./hour. 

This value for speed of elimination of nicotine is based on the observation? 
that nicotine base can be injected subcutaneously in cats at the rate of 1 mg./ 
kg./hour for several days without causing death provided the single dose does 
not exceed 6 mg./kg. given at intervals of 6 hours, but when the rate of injec- 
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tion is increased to 2 mg./kg./hour, death ensues after many hours because of 
cumulation. 


Subcutaneous Tissue 


The literature presents conflicting statements on the influence of the pH on 
nicotine absorption from subcutaneous tissues. Moore and Row! reported 
nicotine base to be 5 times as active as its hydrochloride when injected subcu- 
taneously in frogs. Haag and Neal" found that the toxicity of nicotine in- 
jected subcutaneously in mice was only slightly greater than that of nicotine 
sulfate or salicylate. The pH of their solutions was not stated, but we deter- 
mined that a 1 per cent (w/v) aqueous solution of nicotine as the base has a 
pH of 10.1, and as the sulfate, a pH of 4.3. One explanation of the discrep- 
ancy in the results is that the mechanism for bringing the pH of the subcu- 
taneously injected solution to that of plasma operates more efficiently in the 
mouse than in the frog. To prolong this pH gradient I injected nicotine in 
buffered solutions at an acid and alkaline pH.° 

Method. In 3 groups of 6 cats nicotine was injected subcutaneously in doses 
of 6, 7.5, and 9 mg./kg. in an aqueous solution buffered at pH 9.0. Similarly, 
in 3 groups of 6 cats nicotine was injected in doses of 9, 12, and 15 mg./kg. in 
a solution buffered at pH 4.8. Buffers were phthalates, phosphates, and so- 
dium bicarbonate. The pH was determined electrometrically (glass electrode). 
The volume injected was constant, namely, 5 cc./kg. The site of the sub- 
cutaneous injection was the inguinal fold as it was lifted from the underlying 
musculature. The fluid disappeared rapidly from the site of injection. 

In another series of experiments’ nicotine was prepared as a 1 per cent aque- 
ous solution without buffers (pH 10.1), and doses of 6, 7, and 8 mg./kg. (9 
cats) and 9 mg./kg. (3 cats) were injected subcutaneously in the inguinal fold 
in the more usual smaller volumes of 0.6 to 0.9 cc./kg. 

Results. When nicotine was injected subcutaneously (FIGURE 1) at the 
buffered pH of 9.0, a dose of 9 mg./kg. was fatal to 83 per cent of the animals 
in 25 to 36 min. (average 32 min.), and the smaller doses did not cause death. 
On the other hand, at the buffered pH of 4.8 the 9 mg./kg. dose was survived, 


and a dose of 15 mg./kg. produced effects similar to those of the 9 mg./kg. 


alkali buffered dose, that is, death in 67 per cent of the animals in 24 to 50 


min. (average 32 min.). The intermediate dose of 12 mg./kg., buffered at 


pH 4.8, proved fatal in 33 per cent of the animals after a somewhat longer 


period of time, namely, 56 and 200 min. ee 
Tn the cats that received subcutaneous nicotine in a small volume of solution 


at pH 10.1, the effects were essentially the same as for nicotine injected at the 


buffered pH of 9.0 in 5 cc./kg. of fluid; thus, doses of 6 to 8 mg./kg. did not 
cause death in any of the 9 cats, whereas 9 mg./kg. was fatal to all of 3 ani- 
mals in 15, 23, and 38 min. 
Discussion. .These experiments indicate that the hydrogen ion concentration 
of a buffered solution within a certain pH range may modify the speed of ab- 
sorption of nicotine from subcutaneous tissues. The toxicity of nicotine de- 
creased about 60 per cent when the fH of the buffered solution was reduced 
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from 9.0 to 4.8 and variables in the injection technique, such as the volume 
and site of injection, were standardized. 


Urinary Bladder 


Following my observation‘:® that alkaloids are well absorbed through the 
gastric mucosa from alkaline solutions, it occurred to me that the urinary 
bladder mucosa might also be permeable to these weak bases under similar 
conditions.6 At that time no studies on the role of the pH in the absorption 
of alkaloids from the urinary bladder were known to me. 

Method. Under light ether anesthesia, the ureters were ligated in 10 cats 


5 pH 9.0 pH 4.8 
(-) —_—_—_—_-_ 
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Ficure 1. Influence of pH on toxicity of nicotine injected sub i 
: Fi cut 
buffered solution (six cats in each group). : a 
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and a cannula was inserted into the urethra. The bladder was washed with 
physiological saline, and nicotine in doses of 10 or 20 mg./kg. was instilled in a 
buffered solution. As in the experiments on subcutaneous absorption of nico- 
tine, phthalates, phosphates, and sodium bicarbonate were used as buffers, the 
volume of fluid was 5 cc./kg., and the pH of solution injected into, or with 
drawn from, the bladder 4 hours later or at death was measured electromeune 
cally (glass electrode). 

Results. The results are shown in TABLE 2. At fH levels of 4.6 to 5.8 
doses of 10 and 20 mg./kg. of nicotine produced no effects (cats 1 and 2). The 
same doses in the pH range of 7.0 to 7.9 caused fairly marked poisoning (cats 
3, 4, 5, and 6). At pH levels of 8.0 to 9.0, the 10 mg./kg. dose of nicating 


caused very marked poisoning (cats 7 and 8), and 20 mg./kg. was fatal (cats 
9 and 10). 
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The rapidity of absorption of nicotine through the urinary bladder is shown 
by advancement of the nictitating membrane in 5 or 6 min. after instillation 
of the drug at an alkaline pH. The duration of nictitating membrane advance- 
ment in general paralleled the intensity of nicotine effects. 

The pH was relatively stable during the period of the experiments, and the 
initial volume of fluid instilled was essentially the same as that recovered from 
the bladder terminally. There was no irritation of the bladder mucosa on 
gross postmortem examination. 

Discussion. Sollman’s text™ states that “nicotine is absorbed rapidly from 
mucous membranes...; more slowly from hypodermic injections.” Our 
experiments suggest that, when injected at a comparable pH and in the same con- 


TABLE 2 
INFLUENCE OF PH ON ABSORPTION OF NICOTINE FROM LIGATED URINARY BLADDER* 
PH of hay Nictitating mem- Calculated 4 
Be solution Mee brane advancement Degr e e of gentration af 
a | res ae Serene nie 
eee | cet Pamtics injected 
1 4.6 4.7 10 a 0 none 1:1,250,000 
2 5.4 5.8 20 — 0 none 1:83,000 
3 died 7.0 10 24 19 moderate 1:3,300 
4 7.9 7.4 10 ahi 50 marked 1:1,000 
5 7.0 6.8 20 30 54 marked 1:2,500 
6 7.9 7.0 20 20 90 marked 1:520 
7 8.6 8.1 10 5 180 very marked 1:630 
8 8.7 8.1 10 10 148 very marked 1:590 
9 9.0 9.0 20 5 _— fatal 17 min. 1:270 
10 9.0 8.9 20 6 — fatal 40 min. 1:270 


* Reproduced by permission of Proceedings of Society for Experimental Biology and Medi- 
cine ® 

{+ When sacrificed 4 hr. after injection or at death. 

t Injected in a volume of 5 cc./kg. 


; centration, the absorption of nicotine appears to be slightly greater from sub- 


i i 


cutaneous tissue spaces than from the mucosa of the urinary bladder. How- 
ever, since the volume of fluid in the bladder was unchanged, as nicotine was 
absorbed its concentration necessarily decreased. This would result in a di- 
minishing rate of absorption, and if the initial concentration were not high 
enough to cause death, nicotine effects might diminish while a significant 
amount of nicotine remained in the bladder. The rapid absorption of fluid 
given by the subcutaneous route would tend to maintain the original concen- 
tration of nicotine in this tissue and insure virtually complete absorption of 
the alkaloid. In view of these considerations, the absorbing capacity of sub- 
cutaneous tissues and of the urinary mucosa for nicotine in buffered solution 
are probably of the same order. 

Crane! studied the influence of pH on the toxicity of various alkaloids (caf- 
feine, atropine, quinine, strychnine, d-coniine and piperidine) for Paramecia, 
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and concluded that cell membranes are readily permeable to the lipid-soluble 
undissociated alkaloidal bases, but not to their ions. The free base is appar- 
ently responsible for toxicity. I applied this hypothesis to my data (TABLE 2) 
and found that the degree of nicotine poisoning did indeed parallel the calcu- 
lated concentration of undissociated nicotine base injected into the bladder 
lumen. Drug effects indicated that nicotine absorption exceeded elimination 
when the concentration of free base was 0.03 to 0.1 per cent; very marked 
poisoning occurred at concentrations of about 0.15 to 0.2 per cent, and death 
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Ficure 2. Dissociation curve of nicotine i i 
: RE 2. cotine in aqueous solution, expressed as 
undissociated (free) base. ¢ aie Pe ae 


resulted at a concentration of 0.37 per cent. Calculations were based on the 
formula previously derived®:® and taking the dissociation constant of nicotine'® 
aod 
[Undissociated nicotine] (1 x 10744) 
[Nicotine ions] ~ (9 & 1077) (1 X 107?#) 


The proportion of the total nicotine present as free base in aqueous solution 
at different hydrogen ion concentrations is shown in FIGURE 2. Steepening of 
the slope of the dissociation curve lies within the physiological range of pH 


* The Ky of nicotine was also determined by Weatherby? as 8.07. 
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change for normal tissues. Thus at pH 5.0, only 0.2 per cent of the total nico- 
tine is present as free base; at pH 6.0, 1 per cent is free base, a 5-fold increase ; 
at pH 6.5, 2 per cent is free base, a 10-fold increase; at pH 7.0, 10 per cent is 
free base, a 50-fold increase, and at pH 8.0, 52 per cent is free base, more than 
a 250-fold increase from ~H 5.0. This means that if alkaloids permeate lipid 
membranes in the form of lipid-soluble undissociated base, the degree of ioniza- 
tion in solution largely governs their rates of absorption. 

Since appreciable amounts of absorbed nicotine are excreted unchanged in 
the urine, the urinary pH should determine in part the total nicotine eliminated 
by this route. At an alkaline pH, reabsorption of nicotine from the lumen of 
the bladder would take place with further metabolic degradation of the mole- 
cule during each excretion-reabsorption cycle. It was in fact determined!” 
that’ one tobacco smoker (inhaler) who retained 115 mg. of nicotine from the 
smoke of 40 cigarettes in 24 hours, eliminated 15.0 mg. of nicotine daily when 
the urine was acidified (pH 5.0 to 5.5) by oral administration of ammonium 
chloride, but only 2.7 mg. when the urine was alkalinized (pH 7.1 to 7.6) by 
administration of alkaline salts. The difference in the urinary yield was thus 
more than 5-fold, presumably due to reabsorption of nicotine. 

My associates and I have shown’ that on repeated subcutaneous injection of 
nicotine in the cat with ligated urethra, when the normally acid urine was al- 
kalinized by addition of sodium bicarbonate, the animal was poisoned by the 
nicotine that had accumulated in its bladder and was reabsorbed in consequence 
of the alkalinization. Therefore we raised the question of whether the tobacco 
smoker who accumulated nicotine in acid urine within the bladder might de- 
velop signs of nicotine poisoning if the retained urine were suddenly alkalinized 
by an oral dose of sodium bicarbonate and the nicotine content absorbed. In 
the case of some heavy smokers (inhalers), we found that fractions of the night 
sample of acid urine caused marked nicotine effects when injected intravenously 
in cats, and even caused death. We calculated that these urines contained 
sufficient nicotine to cause poisoning in man, if we assume that the alkaloid is 

similarly absorbed from the human bladder when the urine is alkaline. That 
the absorption of nicotine from the urinary bladder at an alkaline pH is not 
peculiar to the cat is shown by similar results in the dog.” 


Gastrointestinal Tract 


More than twenty years ago a medical student asked, “Is a tablet of mor- 

phine really more effective when held under the tongue than when it is swal- 

lowed?” “Yes, indeed,” I replied, and then began to seek the experimental 
_ basis for my answer. 

A search of the literature yielded conflicting statements concerning the ab- 
sorption of alkaloids from the stomach, and no studies on buccal absorption 
were available. The most obvious difference in the milieu of the mouth and 
of the stomach was the hydrogen ion concentration, and I started to investi- 
gate» the role of the pH in the gastrointestinal absorption of alkaloids. Im- 
portant contributions to this subject have since followed. 

Method. The alkaloids studied were nicotine, strychnine, cocaine, atropine, 


| and physostigmine. 
i 
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Preliminary experiments on gastric absorption in rabbits proved unsatis- 
factory because of the long period of fasting required for the stomach to empty 
and because of difficulty in neutralizing gastric acidity. Therefore, in 55 fasted 
cats (and 3 dogs) under ether anesthesia and procaine infiltration of the abdom- 
inal wall, the stomach was ligated at cardia and pylorus so as to exclude the 
large blood vessels along the curvatures of the stomach. After withdrawal of 
air, the alkaloidal solution was injected directly into the lumen in the antral 
region. The total volume was always 15 cc./kg. An alkaline pH was ob- 
tained by diluting 5 cc. of an aqueous solution of the alkaloidal salt with 10 cc. 
of 1 per cent sodium bicarbonate to make the dose of the latter 100 mg./kg. 
and the initial pH of the injected solution 8.0 to 8.6. Mixing of the warm 
solutions was done just before injection, and a sometimes supersaturated clear 
solution of the relatively water-insoluble alkaloidal base was thus prepared 
and immediately injected. An acid pH was obtained by similarly diluting 5 
cc. of the alkaloidal salt solution with 10 cc. of either 0.1 NV hydrochloric acid 
to make the pH 1.2, or of physiological saline solution to make the pH 5.7. 
Tf death occurred, the volume of residual fluid in the stomach was measured, 
the final pH determined, and a postmortem examination performed. Similar 
examinations were carried out in those animals that survived and were sacri- 
ficed in 24 hours. In 2 surviving cats, 24 hours after the alkaloid had been 
given in acid solution, the gastric fluid was withdrawn, alkalinized with sodium 
bicarbonate, and reintroduced into the stomach. In a series of 8 cats samples 
of gastric fluid were withdrawn at intervals for measurement of intermediate 
pH changes. The pH was determined electrometrically (glass electrode) or 
colorimetrically; readings by the two methods usually checked within 0.1 pH 
and did not differ by more than 0.3 pH. 

The influence of local irritation on the absorption of an alkaloid at an acid 
pH from the ligated stomach was studied in 15 cats by means of ethyl alcohol 
and in 4 cats by means of salicylic acid. To 5 cc. of the solution of the alkaloid 
in 0.15 N hydrochloric acid or physiological saline, 10 cc. of diluted U.S.P. 
ethyl alcohol was added, making its concentration 5, 10 or 25 per cent; thus, 
the dose of ethyl alcohol was 0.75, 1.5 or 3.8 cc./kg., respectively. Salicylic 
acid in a final concentration of 0.05 or 0.1 per cent was similarly employed. 

In another series of 4 experiments, a loop of small intestine 50 cm. in length 
was ligated with the upper ligature at the pylorus. The alkaloid was injected 
into the lumen in 0.15 V hydrochloric acid at pH 1.2 in a volume of 15 cc./kg. 

In 36 normal fasted cats, the alkaloid was given by stomach tube in acid or 
alkaline solution in a volume of 15 cc./kg., as in the ligated stomach and in- 
testine, and the effects were observed. 

Results: ligated stomach. Nicotine injected into the ligated stomach at pH 
8.6.in a dose of 20 mg./kg. (at least twice the buffered subcutaneous fatal dose 
in cats) was fatal in 41 min., whereas 50 mg./kg. injected at pH 1.2 caused no 
effects, even though the intragastric pH 24 hours later had increased to 4.2 
(TABLE 3), 

Similarly, in the case of atropine, cocaine, and physostigmine (sulfate), 3 to 
5 times the dose that proved fatal in alkaline solution was survived with only 
mild drug effects when given at an acid pH, and the final pH was not above 
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2.0 (TABLE 3). In the case of physostigmine sulfate in saline, 100 mg./kg. 
was not toxic and the final pH was about 2.0. However, 100 mg./kg. of physo- 
stigmine salicylate proved fatal whether given in saline or 0.15 V hydrochloric 
acid, and the terminal pH ranged from 2.8 to 5.8. One animal survived a 50 
mg./kg. dose of physostigmine salicylate in saline and the final pH was 2.0. 
The concentration of salicylic acid in the injected solutions of physostigmine 
was calculated as about 0.1 and 0.2 per cent. 

All doses of strychnine sulfate, even as small as 0.5 mg./kg., were fatal at 
an alkaline pH of 7.8 to 8.5 (raBtEe 4). The larger the dose, the more rapid 
the onset of tetanus, and the shorter the interval from tetanus to death (FIG- 


TABLE 3 
; EFFEect OF ~H on Gastric ABsorPtTion oF ALKALOIDS* 
Doset PH of solution rangers 
Cat no. Alkaloid Ose ime to deat! 
ee Injected At death ie 
1 Nicotine 20 8.6 7.8 41 
2 50 A 4.2 Survivedt 
3 Atropine sulfate 300 8.0 7.8 330 
4 1000 dee 2.0 Survived 
5 Cocaine hydrochloride 200 doth (ees 167 
6 1000 Iba ph Des) Survived 
it 15 8.2 7.9 39 
8 Physostigmine salicylate 50 St 1.5 Survived 
9 “ z 100 12 3.0 3 
10 100 Sail 520 49 
tal 100 Sot 2.8 113 
12 100 Saf 5.8 165 
13 Physostigmine sulfate 100 6.2 2.0 Survived 


* Reproduced by permission of Journal of Pharmacology and Experimental Therapeutics.5 


Injected in a volume of 15 cc./kg. : $< ae 
t Be eiving animals were normal when sacrificed 24 hours after injection. 


URE 3). On the other hand, doses of 5 to 50 mg./kg. given at pH 1.2 in 0.15 N 
hydrochloric acid, or at pH 5.7 in saline, were survived without strychnine 
effects when the final pH was 2.0 or less (TABLE 4). Thus in alkaline solution 
as little as 0.5 mg./kg. proved fatal in 109 min., but 100 times this dose at pH 
2.0 was survived for 24 hours without drug effects.* At this time the stomach 


_ was still capable of absorbing strychnine rapidly, as shown by fatality in 2 


ee 


‘ 


experiments in which the intragastric fluid was withdrawn, alkalinized, and re- 
introduced into the stomach. When the final pH was as high as 3.4, 50 mg./kg. 
caused death in 106 min., approximating the rate of absorption of 0.5 mg./kg. 


at pH 8.0. . 
When the dose of strychnine sulfate was 5 mg./kg. and the intragastric pH 


* Confirmatory results were obtained in 3 dogs.® 
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determined hourly,® strychnine effects were absent as long as the pH remained 
below 4.0; when it ranged from 5.0 to 6.0 poisoning developed in the course of 
1 to 2 hours and death ensued. In these animals, disturbed hourly for aspira- 
tion of gastric fluid, the pH increased, possibly due to inhibition of acid secre- 
tion, in contrast to the low pH maintained in animals that were undisturbed 
(TABLE 4). 

When the effects of 0.05 and 0.1 per cent concentrations of salicylic acid on 


TABLE 4 
Errect or pH on StRYCHINE ABSORPTION FROM THE LIGATED STOMACH* 


~H of solution Time to 
Strychnine 
Cat no. sulfatet 
(mg./kg.) Injected At death icy pe 
Alkaline 

1 0.5 8.5 8.0 68 109 

2 1 8.5 7.8 45 48 

3 2 8.5 8.2 27 50 

4 5 8.5 8.3 14 24 

5 10 8.5 8.2 13 24 

6 20 8.5 8.5 11 13 

Acid 

i 5 eZ 1.6 0 Survivedt 

8 5 ets) 1.8 0 Survived 

9 5 5.8 2.0 0 Survived 
10 10 5.8 1.6 0 Survived 
11 20 Vez 1.8 0 Survived 
12 20 5.8 1.9 0 Survived 
13 50 ine 2.8 ? 7-18 h 
14 50 Sed 3.4 77 eae 
15 50 Sel 2.0 0 Survived 


* Reproduced by permission of Journal of Pharmacology and Experimental Therapeutics.® 
} Injected in a volume of 15 cc./kg. 


{ Surviving animals were normal when sacrificed 24 hours after injection. 
§ Died overnight; gross inflammation of stomach. 


strychnine absorption were studied for the ligated stomach (TABLE 5), it was 
found that strychnine sulfate (2 to 10 mg./kg.), given in saline with salicylic 
acid at pH 3.0 to 3.2, was uniformly fatal, in contrast to survival when this 
alkaloid (5 to 20 mg./kg.) was injected in saline alone at pH 5.7 to 5.8 (TABLE 
4). In addition, the intragastric pH increased in the presence of salicylic acid 
whereas it decreased in the surviving controls. On postmortem gross Seat” 
nation, those animals that had received strychnine with salicylic acid showed 
reddening and swelling of the gastric mucosa with marked mucus secretion 
whereas surviving animals that had received alkaloids in either saline or hydro- 
chloric acid without salicylic acid did not show such signs of local irritation 
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after comparable and even longer periods of ligation. Furthermore, the inter- 
val from tetanus to death in the presence of salicylic acid was only 2 or 3 min. 
and did not show a relationship to the size of the strychnine dose, in contrast 
to the lengthening of this interval with decreasing doses of strychnine given 
at an alkaline pH without salicylic acid (r1cuRE 3). 
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Ficure 3. Dose-response curves of strychnine injected into the ligated stomach of cats 


n an aqueous solution rendered either alkaline (fH 8.5) by sodium bicarbonate or acid (pH 
3.2) by salicylic acid. 


TABLE 5 


EFFect OF SALICYLIC AcID ON ABSORPTION OF STRYCHNINE 
FROM THE LIGATED STOMACH 


fH of solution Time to 
Strychnine Salicylic acid 
Cat no, sulfate* 
(mg./kg.) es Injected | At death we ey 
2 0.05 Aly} 5.4 166 169 
; 5 0.05 oe 5.8 43 45 
3 10 0.05 3.2 5.0 65 68 
4 10 Ot 3.0 4.6 51 54 


* Injected in a volume of 15 cc./kg. 


When ethyl alcohol was added to strychnine injected at an acid pH into the 
ligated stomach, local irritation of the gastric mucosa was found to be an im- 
portant factor in determining the rate of alkaloidal absorption (TABLE 6). In 
the presence of 25 per cent ethyl alcohol, strychnine sulfate (5 to 20 mg./kg.) 
injected in 0.15 V hydrochloric acid at pH 1.4 proved fatal in 5. of 6 experiments 
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in from 39 to 180 min. This surprising result occurred in spite of the fact that 
such large doses of ethyl alcohol reduce the fatal dose of strychnine in the cat.” 
At death, however, marked reddening of the mucosa was present in all 5 ani- 
mals, and the intragastric pH ranged from 4.2 to 5.9. The surviving animal 
in this group showed moderate gastric irritation and the final pH was 1.5. An 
explanation for the difference in the outcome may lie in the fact that in the 
latter experiment the volume of fluid recovered from the stomach was double 
that injected, whereas in the 5 fatalities the increase in volume averaged only 
23 per cent (0 to 44 per cent). When strychnine in similar doses was given 
with 25 per cent ethyl alcohol in saline at pH 6.0, death resulted in all of 4 


TABLE 6 


INFLUENCE OF EtHy~t ALCOHOL ON STRYCHNINE ABSORPTION 
FROM THE LIGATED STOMACH 


Saber a ~H of solution Time to 
Cat no. aulinte® leat ot ritation 
(mg./kg.) (%) Tniected|\ At death Tetanus Death eRe ncn 
(min.) (min.) 
1 5) 15 none survived moderate 
2 5 5.9 75 180 marked 
3 10 95 1.4 4.2 29 91 marked 
4 10 4.6 23 84 marked 
5 20 4.5 59 113 marked 
6 20 4.5 33 39 marked 
j * : P 43 21 moderate 
: 26 slight 
9 20 25 6.0 6S 633 35 moderate 
10 20 6.4 25 43 moderate 
11 10 1.8 85 survived none 
12 iy 10 6.2 : 0 35 survived none 
13 10 4.0 38 74 none 
14 ao 1.4 i 
5 5 none survived none 
15 10 6.2 { 1.8 none | survived | none 


* Injected in a volume of 15 cc./kg. 


experiments in 21 to 35 min., and local irritation of the gastric mucosa was 
already evident. Gastric irritation by ethyl alcohol did not abolish the cor- 
relation of the tetanus-to-death interval with dosage (TABLE 6), as occurred 
with salicylic acid. 

Lower concentrations of ethyl alcohol (TABLE 6) did not cause gross irritation 
of the stomach, and 4 of 5 animals survived that received strychnine (10 mg./ 
kg.) in saline and 5 or 10 per cent ethyl alcohol, even though the pH of the 
solution injected was 6.2. In the 4 surviving animals, the final pH ranged from 
1.4 to 3.0 and, in the fatal result, it was 4.0. Volume of fluid recovered from 
the stomach showed no change or decreased slightly for the lower concentra- 
tions of ethyl alcohol, as was shown for administration in saline alone. 

Results: ligated small intestine. When injected in 0.15 N hydrochloric acid 
at pH 1.2 in a volume of 15 cc./kg., strychnine was rapidly absorbed from the 


Travell: Absorption of Nicotine 25 


ligated small intestine (raBLE 7). Thus doses of 1, 2, and 5 mg./kg. proved 
rapidly fatal to 3 cats in 30 to 34 min.; in this time the pH had risen from 1.2 
to a terminal pH of 4.6, 4.7, and 5.9 respectively. In one animal, 0.5 mg./kg. 
of strychnine sulfate caused tetanus in 73 min. with subsequent recovery, and 
the pH about 4 hours after injection was 7.3. 

Results: oral administration. When strychnine sulfate was administered by 
stomach tube to the normal cat in alkaline, slightly acid, or strongly acid solu- 


TABLE 7 
ABSORPTION OF STRYCHNINE FROM A LIGATED Loop or SMALL INTESTINE 
~H of solution Time to 
Strychnine 
, Cat no, sulfate* 

(mg./kg.) Tnjected At death me ee 
1 O25 Aly 7.3 73 Si 
2 1.0 iL 5.9 32 34 
3 2.0 iL 4.7 23 30 
4 5.0 Nae) 4.6 Dis 30 


* Injected in a volume of 15 cc./kg. : ‘ : 
{ Marked recovery from strychnine effects when sacrificed 255 min. after injection. 


TABLE 8 


INFLUENCE OF #H on Toxicity OF STRYCHNINE ADMINISTERED 
ORALLY IN 36 Normat CATS 


Sieecni Tetanus Time:t Died 
Reaction of solution sulfate’ pee Sl ae Bey SS 
(mg./kg.) rae (no.) | (%) (min.)t (no.) | (%) 
O6 4 | | 100 2 3 | 75 
Alkali NaHCO 0.6 4 a 
aline (Na 3) eee 4 A (17-55) 3 
06 4 3| | 7s on 0 | 33 
i i ] 0.6 < 
Slightly acid (NaCl) aes : A (20-49) - 
j 0.4 4 1 69 1 é 
Strongly acid (HCl) He fh z 58 (38-109) z 


* Volume injected was 15 cc. /kg. 
{ Figures in parentheses indicate range. 


tion (TABLE 8), rate of absorption was influenced to some extent by the pH. 


_ Thus at fH 8.0, strychnine sulfate in doses of 0.4 to 1.0 mg./kg. was fatal in 


75 per cent of 12 animals, and tetanus developed in 100 per cent in an average 


of 31 min. When strychnine was given in the same dosage to the same num- 


ber of cats, but in saline at pH 5.7, only 33 per cent died and tetanus developed 


in 75 per cent in an average of 34 min. When the drug was similarly given in 
hydrochloric acid at pH 1.2 to 12 animals, mortality rate and incidence of 


tetanus were essentially the same as for administration in saline, but the inter- 


. to tetanus was doubled (69 min.). 
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Discussion. The pH dependence of gastric absorption applies not only to 
nicotine, which has unusual physical properties, but is a general alkaloidal 
phenomenon that I have demonstrated in these toxicity studies for various 
alkaloids in the cat, as well as in the dog. Schanker et al.?° established this 
principle in the rat by direct quantitative determination; for example, in 1 
hour the rat stomach absorbed none of the quinine in 0.1 M hydrochloric acid, 
7 per cent in saline, and 18 per cent in sodium bicarbonate at pH 8. For acidic 
drugs the reverse relationship exists.2” Analogous to the urinary bladder, a 
lipid barrier was postulated”? between plasma and gastric juice, which permits 
passive transfer of drugs in their lipid-soluble un-ionized form, but not in their 
lipid-insoluble ionized form. 

The degree of ionization of an organic electrolyte in solution is determined 
primarily by the ionization constant of the compound and the H of the solu- 
tion. Other factors modifying speed of absorption include the concentration 
and dose of the drug, and the size, blood flow, and health of the absorbing 
surface. 

Like the phospholipid membrane system of Weatherby,® the undamaged 
gastric mucous membrane of the cat was virtually impermeable to nicotine at 
a pH not above 4.2 for as long as 24 hours. Strychnine, cocaine, atropine, and 
physostigmine were also poorly absorbed from the stomach when the intra- 
gastric pH was less than 4.0, and rapidly absorbed when it was 5.0 or higher. 
When the gastric mucosa was altered by an irritant concentration of salicylic 
acid (0.05 to 0.1 per cent), or of ethyl alcohol (25 per cent), strychnine* was 
rapidly fatal when given at an acid pH of 3.2 or 1.4, respectively. Vasodilata- 
tion, a rapid rise in pH due to outpouring of mucus, and cellular damage may 
have been factors in the outcome. The modifying influence of local blood flow 
on alkaloidal absorption has been shown for nicotine injected intraperitoneally 
in the mouse;”* thus, 1:24,000 epinephrine given simultaneously by the same 
route reduced the fatality of nicotine acetate from about 40 to 23 per cent, 
and 0.056 M formaldehyde, a local irritant, increased it to 63 per cent. Like- 
wise, the retardation of procaine absorption by added epinephrine is well known. 

In the case of salicylic acid, actual destruction of the epithelial barrier prob- 
ably played a role in the acceleration of strychnine absorption from the stomach, 
since death followed tetanus almost at once regardless of the dose (FIGURE 3); 
with 25 per cent ethyl alcohol this interval was longer for the smaller doses of 
strychnine, as when gross irritation of the gastric mucosa was not present. 
Breakdown of the gastric mucosal barrier by salicylic acid would explain the 
prompt absorption of physostigmine, given as the salicylate in strongly acid 
solution, but not when given as the sulfate. It might also explain the discrep- 
ancy noted by Schanker ef al. in the unexpectedly high absorption of salicylic 
acid itself at an alkaline pH by the rat stomach” and small intestine.23 These 
investigators note” that at pH 6.6, the ratio of un-ionized to ionized salicylic 
acid is about 1 to 4000, and “‘this seems too small a proportion of un-ionized 
drug to explain the rapid absorption of the compound.” 

From the ligated small intestine in the cat, strychnine was rapidly absorbed 


* The ionization constant of strychnine is in the same range as t icoti 
8.5 X 10-7 at 18°C.5 ge as that of nicotine, namely, 


’ 
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when injected in hydrochloric acid at pH 1.2. Coincident with absorption, 
there was rapid neutralization of acid and #H rise to levels at which the al- 
kaloid was readily absorbed from the stomach. The pH dependence of in- 
testinal absorption was clearly demonstrated in the rat small intestine??? and 
colon™ by Schanker e¢ al. and Hogben et al.; they showed that the absorption 
of basic drugs was increased severalfold when the pH of the intestinal contents 
was increased from 4 to 8, and conversely for acidic drugs. 

On oral administration of strychnine to the intact cat, addition of sodium 
bicarbonate significantly increased the toxicity of the alkaloid, probably be- 
cause of accelerated absorption from the stomach. When the effects of similar 
strychnine administration in saline and in hydrochloric acid were compared, 
the ultimate toxicity of strychnine was found to be essentially the same for 
the two groups. However, the time to the onset of poisoning was approxi- 
mately doubled by the administration of hydrochloric acid; the delay probably 
represents the time needed to neutralize the excess acid in the small intestine. 

These observations suggest certain rules for the treatment of alkaloidal poi- 
sons taken by mouth: (1) never give sodium bicarbonate; (2) administer an 
acid of physiological strength, such as vinegar; (3) never give alcohol. 


Mouth 


No studies were carried out on the role of H in the buccal absorption of 
alkaloids, but investigations in this area should prove fruitful in relation to 
the oral absorption of nicotine from tobacco smoke, especially in those indi- 
viduals who do not inhale. 

Buccal tablets are available for quick onset of effects of some alkaloids, for 
example, of ergotamine and Isuprel. In this connection the variations in the 
pH of the mouth become of some importance. Brawley”:* reviewed the liter- 
ature on this subject and measured variations in the pH of the “resting saliva’’ 
with age, sex, and diurnal changes, and found the range to be from 5.6 to 7.8; 
other investigators extended the range from 5.0 to 8.0. More recently, Sulli- 
van et al. determined the pH for various regions of the mouth using a micro- 
glass electrode, and report the range to be from 5.5 to 7.3. 

We made some observations on the pH of the mouth at the tip of the tongue 
in relation to cigarette smoking and eating; pH was determined by nitrazine 
paper. An illustrative experiment on a habitual smoker is shown in FIGURE 4. 
In all the subjects tested either smoking or eating, and in some instances even 
talking about food, caused an immediate rise in the pH of this region of the 
mouth, probably due to an increased flow of saliva. 


Summary and Conclusions 


Influence of pH on nicotine absorption from various sites was measured in- 
directly by speed of onset, intensity, and duration of pharmacological effects 
in the cat. Sites studied in relation to a physiologic range of pH change were 
the intact skin, subcutaneous tissue, ligated urinary bladder, and stomach. 
The role of H in the absorption of some other alkaloids (strychnine, atropine, 
cocaine, and physostigmine) was investigated for the ligated stomach and 
small intestine and also after oral administration in the intact cat. 
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The data indicate that: 

(1) Through the intact skin nicotine is absorbed rapidly from a 40 per cent 
aqueous solution of its base, and very slowly from a 40 per cent aqueous solu- 
tion in the form of the sulfate. 

(2) For subcutaneous tissue the pH modifies the speed of absorption of 
nicotine injected in buffered solution. 

(3) From the urinary bladder nicotine is rapidly absorbed at pH levels of 
7.0 or higher, but slowly when the #H is below 6.0. 

(4) The degree of nicotine poisoning parallels the calculated concentration 
of undissociated nicotine base in aqueous solution within the urinary bladder. 

(S) The absorbing capacity of subcutaneous tissue and of the urinary mucosa 
for nicotine in buffered solution and identical concentrations are of the same 
order. 

(6) From the stomach nicotine is rapidly absorbed at an alkaline pH, but 
practically not at all at a pH of about 4.0. 

(7) The pH dependence of gastric absorption applies not only to nicotine 
but also to the other alkaloids studied: namely, cocaine, atropine, physostig- 
mine, and strychnine. 

(8) Salicylic acid and ethyl alcohol in irritant concentrations vitiate the 
limiting influence of the normal gastric acidity on alkaloidal absorption from 
the stomach by causing vasodilatation, mucus secretion, a rise in the pH, and 
breakdown of the mucosa: plasma barrier. 

(9) Absorption of an orally administered alkaloid (strychnine) in the intact 
animal may be materially delayed, and the intensity of poisoning reduced, by 
simultaneous administration of 0.1 NV hydrochloric acid, whereas sodium bi- 
carbonate increases its toxicity. 
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ABSORPTION OF NICOTINE UNDER VARIOUS CONDITIONS 
OF TOBACCO USE 


P. S. Larson 
Department of Pharmacology, Medical College of Virginia, Richmond, Va. 


Cigarette Smoking 


Of prime importance in the determination of the degree of absorption of 
nicotine in smoking is an accurate estimate of the amount of nicotine entering 
the mouth. An appreciation of this problem may be gained from data reported 

by Bradford ef al. (1937). Using a smoking machine set to draw a 35-ml. puff 
of two seconds’ duration once a minute, until two-thirds of a cigarette had been 
consumed, and collecting both the puffed (mainstream) smoke and the side- 
stream smoke, these authors found that about 22 per cent of the nicotine in the 
tobacco burned is transferred to the puffed smoke, about 35 to 38 per cent 
appears in the sidestream, about three to six per cent condenses in the butt 
and, by difference, about 37 per cent is pyrolized to other products. Even 
under constant machine smoking conditions, such factors as moisture content, 
tightness of pack, and burning quality of the tobacco can influence these dis- 
tributions. Changing the smoking conditions markedly affects the transfer; 
thus increasing the puff frequency to one puff per one-half minute increases 
the mainstream nicotine content by 20 per cent and increasing the puff volume 
from 25 ml. to 45 ml. increases it by about 27 per cent (Rayburn, 1950). 

With the aid of a smoking machine, two approaches can be made toward 
arriving at an estimate of the amount of nicotine entering the mouth. One is 
to set the conditions of machine smoking, determine the nicotine transfer into 
the puffed smoke, and then have the subject duplicate as closely as possible 
the machine conditions using the same brand of tobacco. The second approach 
is to determine the individual subject’s smoking habits, such as puff volume, 
puff duration, and negative pressure applied (time between puffs and butt 
length being fixed) and to duplicate these ona machine. A necessary additional 
step in both cases is the collection and measurement of all exhaled nicotine, 
the difference between this and estimated intake representing the amount 
retained and presumably absorbed. 

The following investigators have in general followed the first approach with 
varying degrees of perfection that are difficult to evaluate: Biederbeck (1908), 
Lehmann (1908, 1909), Winterstein and Aronson (1928), Wenusch (1927-— 
1928), Pyriki (1932, 1943), Laskowski (1951) and Greenberg ef al. (1952). 
Their findings are summarized in TABLE 1. Considering both the procedural 
and human variables involved, these data are, in general, in quite good agree- 
ment. 

- Hillsman (1950) appears to be the only investigator who used the second 
approach, his findings having been presented in a paper read at the Fourth 
Tobacco Chemists Conference held at Pennsylvania State University, Univer- 
sity Park, Pa. He has kindly granted permission to reproduce representative 
data from his report and these are embodied in TABLE 2. The values found 
are in agreement with much of the data in TABLE 1, and the close correspondence 
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of duplicate determinations in individual subjects attest to the merit of the 


technique used. ; 
Heinz (1923) and Pierce (1937, 1941) determined the nicotine content of 
the mainstream smoke by having subjects draw puffs of smoke with nicotine 


TABLE 1 
ABSORPTION OF NICOTINE IN CIGARETTE SMOKING 


Per cent absorption of nicotine from cigarette mainstream smoke on 


Author 
Puffing Inhaling 
Biederbeck, 1908 ca. 27 
Lehmann, 1908, 1909 ca. 10 ca. 80 
Winterstein & Aronson, 1928 2.5-11.7 8-32 (with 2 sec. inhalation) 
100 (with prolonged inhalation) 
Wenusch, 1927-28 ca. 8 ca. 50 (with normal inhaling) 
ca. 85 (with excessive inhaling) 
Pyriki, 1932 4-5 84-95 
Pyriki, 1943 ca. 5 ca. 66 (weak inhaling) 
68-76 (moderate inhaling) 
84-95 (deep inhaling) 
Laskowski, 1951 67 
Greenberg, Lester & Haggard, 8-18 (moist cig.) | 96-98 (moist cig.) 


1952 26-45 (dry cig.) 96-97 (dry cig.) 


TABLE 2 
ABSORPTION OF NICOTINE IN CIGARETTE SMOKING* 


Total nicotine enter- Ti 
Subject = eye on ‘rire Nicotine ee ne by Per cent absorbed 
smokingt 
Inhaled Uninhaled Inhaled Uninhaled 
2.47 0.144 2.11 94.1 ; 135 
A 2.40 0.254 Belo 89.6 if 
2.44 av. 
2.28 0.040 1.96 89.3 16.2 
B 2.40 0.011 1.99 99.5 15.0 
2.34 av 
2.29 0.159 2.10 93.2 10.6 
Cc 2.40 0.200 2.03 91 13.6 
2.35 av. 
2.28 0.603 N07 74.2 
D 2.40 0.860 63.2 ve 
2.34 av 


* Courtesy of O. L. Hillsman. 
t Milligram per cigarette. 


traps interposed between the cigarette and the subject. Using values thus 
obtained and subtracting from them the amounts exhaled and trapped in 
ordinary puffing or inhalation of smoke, percentages of absorption were de- 
rived. Heinz gave values of 17.5 per cent for puffing and 88 per cent for in- 
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haling, both in good agreement with values cited in the tables. Pierce gave 
values of 78.5 per cent for puffing and 95 per cent for inhaling, of which the 
puffing value appears unaccountably high. 

Bodnar e¢ al. (1935) had subjects smoke cigarettes of known nicotine content 
and collected and analysed their exhaled smoke, as well as the sidestream smoke 
and material left in the holder, for nicotine content. Assuming that no nico- 
tine was destroyed by combustion, the product of subtraction of these values 
from the nicotine content of the cigarette was assigned as having been absorbed. 
On this erroneous basis, 60 per cent absorption was claimed for noninhalers and 
93 per cent for inhalers. 

Baumberger (1923a) found that an average of 66.7 per cent of the particulate 
matter in cigarette smoke was retained in the mouth on puffing and 88.2 per 
cent on inhaling. This led him (19235) to assume that equal percentages of 
nicotine would be retained. Since the nicotine in smoke is transported on or 
in the smoke particles, this assumption has reasonable merit, leaving the impres- 
sion that something was abnormally different about the manner in which these 
subjects puffed. 

In addition, it is of interest to cite a value arrived at by an entirely different 
method by Chalmers and Lewis (1951). Comparison of the antidiuretic effect 
of smoking with that of nicotine infusions suggested to these authors that the 
smoker derived 1.0 to 1.5 mg. of nicotine from one cigarette, provided he in- 
haled vigorously. From the other data presented, this would be of the order 
expected from a cigarette of moderate nicotine content. 

Finally, some experiments by Biederbeck and by Willke (cited by Bieder- 
beck) are of interest. In studies on nicotine vapors drawn into the mouth 
and held for a few seconds, both investigators found high values for retention, 
up to 100 per cent. This led Biederbeck as well as Lehmann (1909) to the 
conclusion that absorption of nicotine from smoke is poorer than from air. 
A probable explanation is that nicotine in smoke exists as salts rather than as 
the free base. 


Cigar Smoking 


According to Winterstein and Aronson, the amount of nicotine absorbed by 
the smoker from cigars without inhaling was 13 to 20 per cent of the total 
nicotine in the tobacco smoked. They concluded that more nicotine is ab- 
sorbed from cigar smoke, even without inhaling, than from cigarette smoke. 

Greenberg et al. reported that smoking a dry cigar without inhalation resulted 

‘in 18 per cent retention of mainstream nicotine by the body, whereas similarly 
smoking a moist (11 per cent moisture content) cigar resulted in only four per 
cent retention. When either a dry or a moist cigar was inhaled, the nicotine 
retention rose to 96 to 97 per cent. 

Wenusch (1942) stated that retention from cigar smoke is harder to estimate 
than that from cigarette smoke, due to varying alkalinity of cigar smoke and 
the varying degrees of filtration through the unsmoked portion. A cigar with 
‘one per cent nicotine and strongly alkaline smoke was said to deposit three 
‘times as much nicotine in the mouth as a similar cigar with only a weakly alka- 
line mainstream smoke; from a medium strength cigar 121 mm-in length there 
is deposited in the mouth 0.2 mg. nicotine from the first 37 mm., 1 mg. from 
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the second 37 mm., and 3.1 mg. from the third 37 mm. Wenusch concluded 
that in cigarette smoking, the amount of nicotine absorbed depends on the 
degree of inhalation, whereas with cigar smoking it depends on the alkalinity 
of the mainstream smoke and the length of the unsmoked stump. 


Pipe Smoking 


We have found no quantitative data concerning nicotine absorption in pipe- 
smoking. One may suppose that a deterent factor to such data collection is 
the utter lack of a standardized bowl and stem and the wide variability in 
transfer of nicotine to the mainstream smoke that would result from variations 
in tightness of packing. 


Tobacco Chewing 


Gaede (1941) studied nicotine absorption from chewing tobacco employing 
a chew of 0.6 gm. containing on the average 15 mg. of nicotine. After one 
hour of chewing, the nicotine content of the residue was reduced by 33 per 
cent; at two hours, by 50 per cent; at four hours, by 60 per cent; and at eight 
hours, by 90 per cent. This was said to be a less rapid absorption, even in 
the early period, than occurs in smoking with inhalation. 

In 21 habitual tobacco users who chewed 15.6 to 58.4 gm. of tobacco during 
6.5 to 8 hours, Wolff and Giles (1950) found the amount of nicotine absorbed 
ranged from 8 to 87.7 mg. 


Snuff Taking 


Gaede (1944) stated that the daily dose of nicotine obtained by the chewer 
of snuff is from 20 to 60 mg. Presumably, this too would depend upon indi- 
vidual habit. 


Summary 


Nicotine is absorbed into the body from all forms of tobacco use. In smok- 
ing, the efficiency of this absorption varies directly with the extent of the 
respiratory tract exposed and the duration between inhalation and exhalation. 
Efficiency approaching 100 per cent appears possible. In tobacco chewing 
and snuff taking, 100 per cent efficiency in absorption likewise appears possi- 
ble, subject to such variables as length of retention of the quid, vigor of chew- 
ing, and frequency of expectoration. 
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THE EXCRETION AND METABOLISM OF NICOTINE 


Herbert McKennis, Jr. 
Department of Pharmacology, Medical College of Virginia, Richmond, Va. 


The wide distribution of nicotine in plant material described by Dawson 
et al. elsewhere in these pages, the absorption of nicotine from the smoking of 
tobacco, as discussed by Larson in another paper in this monograph, the em- 
ployment of nicotine in diagnostic procedures for diabetes insipidus,!?:* and 
the use of nicotine as an insecticide, provide ample opportunity for exposure 
to the alkaloid. 

Following the isolation of nicotine from Nicotiana tabacum in 1828, the com- 
pound has enjoyed many years of use by pharmacologists. Its actions have 
been studied in a variety of organisms and in a variety of systems. In partic- 
ular, nicotine has been utilized as a tool in the study of the autonomic nervous 
system. Despite the number of investigations of the biological action of nico- 
tine little is known concerning the detail of the events responsible for terminat- 
ing the effects of the compound. Furthermore, there is some possibility that 
many of the effects that arise following administration of nicotine are in fact 
effects produced by compounds arising from metabolism of the alkaloid. 

Nicotine and related alkaloids have the intriguing combination of a pyridine 
ring, such as is found in diphosopyridine nucleotide and other important en- 
zymatic constituents, and a pyrrolidine ring that gives it a structural resem- 
blance to the natural amino acids, proline and hydroxyproline. These rela- 
tionships would in themselves make attractive a study of the mammalian 
metabolism of nicotine. 

The results that I should like to report have been gathered largely with the 
very valuable collaboration of Lennox B. Turnbull and Edward R. Bowman. 
Our work has been made possible by the kind financial assistance of the Amer- 
ican Tobacco Company, New York, N. Y., the Tobacco Industry Research 
Committee, also in New York, and the National Institutes of Health, Public 
Health Service, Bethesda, Md., and finds its roots in the earlier works of many 
investigators that are briefly mentioned. 

It has been observed* that as a result of the smoking of tobacco approxi- 
mately 10 per cent of the absorbed nicotine is excreted unchanged in the urine. 
Studies in the rat® and in the dog*® have shown that most of the radioactivity 
of randomly labeled C' nicotine can be recovered in the urine of the animal. 
In the anesthetized dog receiving nicotine slowly by intravenous infusion, 
Bennett e¢ al.° obtained more than 90 per cent of the administered radioactivity 
in the urine. In similar experiments Owen and Larson® subjected concentrated 
samples of the radioactive urine to paper chromatography. These authors 
were led to estimate that the metabolism of (—)-nicotine had given rise to 3 
major and 4 minor urinary metabolites. 

During the past 314 years studies have been conducted in our laboratory on 
anesthetized dogs, unanesthetized dogs, rats, and humans. As a result of this 
work there is emerging a pattern that indicates the involvement of many routes 
in the metabolism of nicotine. Many of these reactions are unusual and form 
the foundation for further biochemical and pharmacological studies that may 
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reveal the possible role of the metabolites in inducing or terminating the phar- 
macological effects arising from administration of the alkaloid. 

In a typical experiment on the dog under pentobarbital anesthesia, redis- 
tilled (—)-nicotine (total dose of 10 mg./kg.) was infused’? during an aiour 
period into the femoral vein. Bladder urine was collected by an indwelling 
catheter during administration of the alkaloid and for a subsequent 10-hour 
period. The acidified urine was then placed upon a column of Dowex 50 (iia): 
which served to retain all of the components that give a positive Koenig re- 
action. These components were then removed from the column by means of 
aqueous ammonia. A sample of the ammoniacal solution was then subjected 
to chromatography on paper. The Koenig positive zones were visualized as 
yellow to red spots by a spray of alcoholic p-aminobenzoic acid and subsequent 
exposure to vapors of cyanogen bromide. In similar paper chromatograms the 
Koenig positive zones were located as quenching areas in ultraviolet light. 


TABLE 1 
EXCRETION OF Korenic Positive Compounps By A Mate Moncret Doc 
(15.3 Kc.) ForLow1nc INTRAVENOUS ADMINISTRATION OF 
(—)-NicotiIne (153 mc.) 


Ry values* of metabolites in Dowex 50 eluate Calculated mole % of doset 
(1) 0.15 9.21 
(2) 0.38 5.41 
(3) 0.46 0.88 
(4) 0.61 2.79 
(S) 0.73 2.84 


* Obtained at room temperature (1 vol. V/2 ammonia water, 1 vol. 95 per cent ethanol, 4 
vol. 1-butanol) on Whatman No. 1 paper by descending method. Control urines were de- 
void of Koenig positive zones. For spectroscopic determinations zones were localized as 
quenching area in ultraviolet light. Ry, values were generally consistent to 0.05 units. 

+ Calculated from optical density of extracts of zones in 0.1 M HCl—95 per cent ethanol 
at 260 mu—optical density of extract from metabolite-free paper, using 4820.” 


The separate zones were then extracted with alcohol. The optical density of 
the acidified extracts at 260 mp (TABLE 1) made possible an estimate that ap- 
proximately 21 per cent of the administered nicotine had been accounted for 
as metabolites in the Koenig positive areas. 

Of immediate interest was the zone at R; 0.15 that corresponded in Ry value 
to (+)-y-(3-pyridy!)-y-methylaminobutyric acid, which had been prepared’? 
by us synthetically from (—)-nicotine and had been previously considered by 
Larson and his co-workers":” as a possible metabolite of nicotine. Procedures 
were then devised to deny or confirm this apparent identity of the metabolite 
and y-(3-pyridyl)-y-methylaminobutyric acid that was then indicated only 
from the R; values obtained by paper chromatography in a variety of solvent 
systems. ‘ 

By extraction with chloroform, unchanged nicotine and other Koenig posi- 
tive constituents (R; 0.61 and Ry 0.74, ammonia-ethanol-butanol) were re- 
moved from ammoniacal eluate of the Dowex 50 (H+) column. The ammonia- 
cal solution was then applied to a column of Dowex 1 (OH), which retained 
Koenig positive material with Ry 0.15. The latter material was removed 
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from the column with acetic acid. The residue from removal of the solvent 
was heated to 155° C. in an atmosphere of nitrogen. A chloroform extract of 
the thermally treated material contained (—)-cotinine that was formed as a 
result of lactamization of (-++)-y-(3-pyridyl)-y-methylaminobutyric acid. The 
cotinine was identified in the form of its monopicrate, m.p. 104 to 106°C. This 
identification provided evidence for the conclusion that (+)-y-(3-pyridyl)-y- 
methylaminobutyric acid was in fact present in the urine following adminis- 
tration of (—)-nicotine. It was interesting to note that the cotinine thus ob- 
tained has essentially the same optical rotation as cotinine prepared chemically 
from (—)-nicotine via dibromocotinine. Later experiments in which this 
(—)-cotinine was reduced® with lithium aluminum hydride to (—)-nicotine 
clearly showed that in the metabolism of (—)-nicotine to (+)-y-(3-pyridyl)-y- 
methylaminobutyric acid the absolute configuration of (—)-nicotine is retained. 


TABLE 2 


KorEnic PosiTIvE METABOLITES EXTRACTED FROM URINE OF SMOKER, 
NONSMOKER AND Doc FOLLOWING ADMINISTRATION OF NICOTINE 


Ry values 


Urine source* 
sec-butanol-formic acid- 


nine i 10 
ammonia-ethanol-butanol water23 


Human smoker 0.61,f 0.74,f 0.85,§ 0.90 022157, 0.375 
Human nonsmoker 0.61,t 0.74t 0.21, 0.37f 
Dog 0.61,f 0.74,t 0.85§ O21; 7-Oe3Tt 


* Adult male human subject received 3 mg./hr. in 10 hourly doses over a 3-day period 
(total dose 90 mg.). Extract obtained from combined 24-hr. urine samples. Smokers’ 
urine collected as daytime contributions from male laboratory workers. Urine from bladder 
of mongrel dog collected by indwelling catheter during 8-hr. period of nicotine infusion (10 
mg./kg. total dose) and subsequent 10-hr. period. Chloroform extracts of control urines 
showed no Koenig positive zones. 

} Cochromatographed with desmethylcotinine. Acetylation of fraction gave components 
corresponding in R; value to acetoxycotinine and desmethylcotinine. 

t Cochromatographed with cotinine. 

§ Cochromatographed with nicotine. 


In urine or aqueous solution’ (+-)-y-(3-pyridyl)-y-methylaminobutyric acid 
produces in the presence of cyanogen bromide (without added aromatic amine) 
a pink color. It is thus responsible, in part at least, for the characteristic 
color reaction” of the urine of dogs after administration of nicotine. The urine 
of smokers and of nonsmokers!® after oral administration of (—)-nico- 
tine also gives a characteristic pink color with cyanogen bromide. Chro- 
matograms of the urine of smokers and the urine of one male nonsmoker, who 
received 90 mg. of (—)-nicotine orally in divided doses over a 3-day period, 
are quite similar to those of the dog (TABLE 2). The chloroform-soluble nico- 
tine metabolites of the human and, especially, the dog have been subjected to 
a rather extensive investigation. Progress on the chemical identification of 
these components was facilitated by the availability of desmethylcotinine and 
other pyridine compounds, which had been prepared by us!° prior to the de- 
velopment of procedures for the isolation and identification of metabolites. 

Purification of the chloroform-soluble metabolites has been achieved in a 
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variety of ways. In typical experiments the metabolites were dissolved in 
water after evaporation of the chloroform. The aqueous solution was placed 
on a column of Dowex 1 (OH-) that removed an amphoteric component. The 
effluent from the column was evaporated to dryness. By chromatography on 
alumina with methanolic ether, Koenig positive fractions (R; 0.61, 0.74) were 
obtained. The metabolite in the fraction with R; 0.74 was obtained as a light- 
colored oil, representing approximately 10 per cent of the dose of (—)-nicotine 
administered to the human. The metabolite cochromatographed with coti- 
nine has been identified by preparation of both the dipicrate and mono- 
picrates, which have melting points and infrared spectra in agreement with the 
authentic material. The optical rotation of this metabolic cotinine is again 
in,agreement with synthetic (—)-cotinine, and indicates that the absolute 
optical configuration of (—)-nicotine has been retained during the metabolic 
oxidation of the pyrrolidine ring. Hucker e¢ al.!° have recently obtained coti- 
nine from the metabolism of nicotine in vitro, using a fortified preparation 
from rabbit liver. Experiments in both the dog™ and the human" indicate 
that cotinine has a key role in the metabolism of nicotine. In both species 
administration of (—)-cotinine or (—)-nicotine leads to the excretion of chlo- 
roform-soluble material with R; 0.61. This component has the properties of 
a mixture which, in the case of the dog, has been separated into two crystalline 
; components. 

Following treatment with acetic anhydride in the presence of pyridine, the 
component with R,; 0.61 was rechromatographed on alumina.” The eluates 
from the alumina column yielded crystalline (—)-desmethylcotinine, m.p. 135 
to 136° C., identified by comparison with an authentic sample,” R,; 0.61, and 
an acetoxy compound, R; 0.75, which was converted to a crystalline picrate, 
m.p. 166.5 to 170° C. The elementary analysis, corresponding to CisHiNsOvw , 
served to indicate that (—)-nicotine had been metabolized via (—)-cotinine to 
hydroxycotinine, CjHiN.,O.. The hydroxyl group was provisionally as- 
signed to the pyridine ring on the basis of the strong positive Koenig reaction 
of the compound. 

Studies on the chloroform-soluble amphoteric metabolite that can be eluted 

from Dowex 1 (OH7) by acid or large quantities of water indicate its structure 
to be y-(3-pyridyl)-G-oxo-N-methylbutyramide. The metabolite has been ob- 
tained in crystalline form, m.p. 114 to 116°C. Upon hydrolysis in aqueous 
acid or base it yields methylamine, identified in the form of the picric acid salt, 
and a keto acid with an empirical formula of CyHsNOs3 corresponding to a 
_ y-(3-pyridyl)oxobutyric acid. The melting point data indicated that this 
compound was different from y-(3-pyridyl)-y-oxobutyric acid.!°.8 The posi- 
tion of the side chain in the indicated 3-position was established by a Wolf- 
Kishner reduction of the metabolite to y-(3-pyridyl)butyric acid that was 
identified by comparison with authentic y-(3-pyridyl)butyric acid, prepared 
by reduction of.y-(3-pyridyl)-y-oxobutyric acid. Both the metabolite and the 
keto acid obtained by hydrolysis of the metabolite yielded oximes. The oxi- 
mino acid was subjected to a Beckmann rearrangement that afforded 3-pyridyl- 
acetic acid and indicated that the oxo group of the metabolite was in the 6- 


4 position. ' : 
The isolation and characterization of y-(3-pyridyl)-y-oxo-N’-methylbutyr- 
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amide as a result of the metabolism of (—)-nicotine suggest immediately that 
this metabolite could serve as a precursor of methylamine in the body. Werle 
and Meyer” reported that the incubation of liver slices with nicotine led to 
the production of methylamine. Hydrolysis of the oxo amide in vivo would 
result in the formation of methylamine and y-(3-pyridyl)-8-oxobutyric acid. 
Although a derivative of acetoacetic acid, this latter compound shows a marked 
stability to both acid and base. These facts suggest that if hydrolysis of the 
oxo acid occurs to a great extent in vivo the reaction would be primarily de- 
pendent upon the presence of enzyme systems. A ketonic hydrolysis would 
lead to 3-pyridylacetone, whereas an acid hydrolysis would yield 3-pyridyl- 
acetic acid. Chromatograms of dog urine following administration of either 
(—)-nicotine or (—)-cotinine gave evidence that strongly suggested the pres- 
ence of 3-pyridylacetic acid, which has recently been isolated from the urine 
in crystalline form. Experiments to determine whether or not y-(3-pyridyl)- 
B-oxobutyric acid is the immediate precursor of 3-pyridylacetic acid are in 
progress. 

Nicotine, in addition to undergoing oxidative changes in the pyrrolidine 
ring leading to the production of the foregoing, can serve in the body, in com- 
mon with many other pyridine compounds, as a methyl acceptor. Following 
administration of (—)-nicotine to the dog, evidence has been obtained”? that 
suggests the presence in the urine of several quaternary ammonium compounds, 
in addition to the anticipated isomethylnicotinium compound, which arise as 
a result of metabolism of the alkaloid. Following removal of chloroform- 
soluble metabolites by extraction, and acidic components by Dowex 1 (OHL), 
the processed urine of the dog was treated with ammonium Reineckate. The 
insoluble Reineckate was then converted to the soluble iodides from which 
nicotine isomethoiodide was obtained by fractional crystallization. The iden- 
tity of the compound was confirmed by comparison with an authentic sample 
obtained by treating nicotine with methyliodide. The total yield of the meth- 
oiodide from one dog accounted for 13 per cent of the administered dose of 
(—)-nicotine. The possibility remains that in addition to nicotine many of 
its metabolites can undergo a similar methylation in the body. Following 
administration of (—)-cotinine alone to a dog, 40 per cent of the administered 
dose was isolated from the urine as the methonium derivative. 

Studies such as the foregoing, particularly where synthetic methods are 
available for the production of adequate quantities of metabolites, enable the 
investigator to proceed with the important task of finding the role that these 
metabolites may play in the total physiological response of the organism to 
nicotine, and the functions that the metabolites may have in terminating and 
controlling the response to nicotine. 

Both (—)-cotinine and (—)-desmethylcotinine have been found?! devoid of 
the pressor activity associated with the precursor nicotine. In large doses 
(approximately 100 mg./kg.) these metabolites were found to exert a depressor 
effect that was not abolished by atropine (unpublished observations by J. F. 
Borzelleca, E. R. Bowman, and myself). It is apparent that in undergoing 
metabolic oxidation to cotinine, nicotine has lost much of its pharmacological 
activity. For comparative purposes it is interesting to note that we found the 
LD» of (—)-nicotine to be 10.3 mg./kg., intraperitoneally in mice, whereas 
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that of (—)-cotinine is in excess of 930 mg./kg. The human subject has toler- 
ated 300 mg. of cotinine in a single dose without evidence of discomfort (un- 
published observations by myself and E. R. Bowman). ae 

Pharmacological experiments have indicated that the metabolic oxidation of 
(—)-nicotine to (—)-cotinine leads to a dramatic loss of activity. A full ex- 
ploration of the pharmacological effects of (—)-cotinine and other metabolites 
is required to determine the composite role of these substances in the physio- 
logical response of the organism to nicotine. Similarly, much investigation is 
required to complete and extend our understanding of the metabolism of the 
parent alkaloid. The known relationships of the mammalian metabolites are 
schematically summarized in FIGURE 1. 
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Part II. Pharmacological Actions of Nicotine and Tobacco Smoke 


COMPONENTS OF PHARMACOLOGIC INTEREST IN 
TOBACCO SMOKE 


C. J. Kensler 


Depariment of Pharmacology and Experimental Therapeutics, Boston University 
School of Medicine, Boston, Mass. 


Before attempting to indicate briefly the types of components of potential 
pharmacological interest in tobacco smoke, I should like to discuss pharma- 
cological activity. This term applies to the activity of materials or compounds 
that produce a detectable and, preferably, measurable effect on man or some 
other biological system. In the case of man or other animals, this effect may 
be beneficial, of no consequence, or harmful. These effects may be on the 
tissue at the site of application or exposure, or on a tissue or organ system 
remote from this site. The effects may be immediate or delayed in onset and 
may be of short or long duration. The effects, however, will be dependent on 
the effective dose and on the dose schedule. By effective dose is meant the 
amount of agent not only delivered but retained, which may represent a small 
or large percentage of the material present in the smoke. 

All compounds, if administered to man or other animals in a sufficiently 
large amount, would produce a pharmacologic effect, specific or nonspecific, 
and the converse, in so far as this has been established, is also true: namely, 
that all compounds can be administered in low doses that do not produce any 
observable effect. This emphasizes the need for quantitative data as to the 
amounts of various compounds in smoke. Also, it is important when consider- 
ing the actions of components of smoke to remember that smoke is a complex 
mixture and that the effects of a single component by itself may be masked or 
altered by the actions of other components of the mixture. The pharmacologi- 
cal actions of tobacco smoke and specific components of interest have been 
reviewed previously (Haag and Larson, 1944; Kensler, 1954). 

Tobacco smoke as a physical entity consists of two phases, the gas phase 


and the particulate phase. As a physical entity, cigarette smoke displaces an 
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equal volume of air and introduces a particulate phase consisting of droplets, 
many of one micron or smaller size. Droplets or particles of this size can 
produce effects such as decreasing airway conductance (that is, increasing 
airway resistance) when inhaled. Nadel ef al. (1959) have reported that 
smoking a cigarette produces a 50 per cent decrease in airway conductance or, 
conversely, the airway resistance is doubled. This, however, is a small change, 


as it takes four- to fivefold increases in resistance to produce dyspnea, and 


many asthmatics have a 10- to 20-fold increase. This effect of tobacco smoke 
when inhaled would appear to be the result of the physical nature of the mate- 
rial (Dautreband, 1952) and to be independent of the pharmacologically active 


components therein. | ; 

There are two recent compilations of the available information and references 
on the chemical components of tobacco smoke, Bentley and Berry’s 1959 
annotated bibliography of the constituents of tobacco smoke and the review 
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of Johnstone and Plimmer, 1959. From the Johnstone and Plimmer compila- 
tion it may be seen that many of the compounds present in tobacco are trans- 
ferred into the smoke during the combustion process. A summary of these 
authors’ tabular data indicates that there are 202 compounds of various types 
that have been identified in the tobacco and a larger number, 261, in the smoke. 
However, roughly two thirds of the compounds present in the smoke have not 
been found in the plant and, hence, are presumably formed during or subsequent 
to the combustion process. This information is summarized in TABLE 1. The 
number of compounds of each class thus far identified in the plant or smoke are 
listed, and the number of compounds present in both plant and smoke are 
listed in the last column. For detailed information on the specific compounds 
identified, the reader is referred to the Johnstone and Plimmer review, as only 
a few examples can be included in this presentation. The absolute and relative 


TABLE 1 
IDENTIFIED COMPONENTS OF TOBACCO AND ToBacco SMOKE* 


Plant Smoke Plant and smoke 

Aliphatics 5 18 2 
Paraffins (C2s—C3s) 15 14 14 
Aromatics i 60 ? 
Alcohols and esters 18 19 rs 
Sterols 5 3 8) 
Aldehydes and ketones 18 18 7 
Acids 38 Ad 29 
Phenols and polyphenols 22 16 4 
Alkaloids and other bases 27 38 14 
Amino acids and related compounds 26 4 4 
Inorganic elements 20 15 14 
Misc. (gas, etc.) 8 12 0 

Totals 202 261 98 


* Compiled from a review by Johnstone and Plimmer, 1959. 


concentrations of several compounds in the smoke have also been found to vary 
with differences in conditioning of the tobacco and smoking conditions. 

Some of the components of the gas phase of tobacco smoke are components 
of potential interest, and I shall select CO, HCN, and the nitrogen oxides 
NO-NO; for discussion. 

Carbon monoxide has been reported to represent approximately 4 per cent 
of the gas phase of tobacco smoke (Osborne e¢ al., 1956), whereas illuminating 
gas contains 6 to 30 per cent, and engine exhaust from 1 to 7 per cent. Expo- 
sure to 1 per cent concentration of CO is lethal for resting man in 20 to 30 
min.—an exercising man succumbs sooner. 

We all know that tobacco smokers do not succumb to CO poisoning, despite 
the lethal concentration of CO in tobacco smoke as measured in a standard 
puff. CO acts by combining with hemoglobin to form carboxyhemoglobin and 
interfering with oxygen transport in the blood. Measurements (Hanson and 
Hastings, 1933) of carboxyhemoglobin in the blood of smokers and nonsmokers 
have shown that nonsmokers have blood levels of 1 to 2 per cent, while smokers 
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of 10 to 15 cigarettes/day have carboxyhemoglobin levels of 3 to 4 per cent and 
smokers of 10 pipesful/day show blood levels of 4 per cent. In smokers, meas- 
urements made 12 to 18 hours after smoking show carboxyhemoglobin levels 
of 2 per cent. 

It is known that persons with CO blood saturation of up to 30 per cent are 
usually asymptomatic, while saturations of 30 to 50 per cent lead to headache, 
confusion and fainting, 50 to 70 per cent causes coma, and 70 per cent is fatal. 
With this knowledge and the information cited above on carboxyhemoglobin 
levels, it is quite clear that, despite the high concentration of CO in tobacco 
smoke, this represents little if any hazard to normal smokers. The reasons 
for the low carboxyhemoglobin levels in smokers appear to be the dilution of 
the smoke in lungs and the intermittent nature of the exposure. For example, 
the volume of the puff is approximately 35 cc., and the volume of the lungs and 
airways is about 3.51. This represents a 100-fold dilution of puff concentra- 
tion, so that the exposure is to 0.04 per cent CO rather than the 4 per cent in 
the 35 ml. puff. In addition, the intermittent exposure (2 sec. puff) for the 
average cigarette smoker with 1 puff/min. means that the exposure time while 
smoking represents only 3 to 4 per cent of the total time involved. 

With respect to HCN, which is a systemic poison that interferes with cellular 
oxidation, acute fatal doses may be as low as 200 mg. Cigarette smoke has 
been reported to contain about 50 to 75 y/30 ml. puff. This would indicate 
that smokers (2 packs/day) who inhale would inhale a possibly lethal dose of 
HCN every 10 days. 

The major pathway in the metabolism of CN is its conversion to thiocyanate 
(CNS) by the enzyme rhodanese, which is present in many tissues, particularly 
of the liver. Therefore CNS blood levels might be expected to give some 
indication of the CN absorbed. ‘Trasoff and Schneeberg (1944) have reported 
that habitual smokers do have a slightly elevated blood CNS level of 1.91 
mg./100 ml., as opposed to a control nonsmoker level around 1.05 mg./100 ml. 
In a study of 3 individuals, Trasoff and Schneeberg measured blood CNS levels 
after 24 hours of abstention from smoking and again after each subject had 
smoked 30 to 40 cigarettes. No increase in blood CNS was detected. It 


- would therefore appear that the HCN content of tobacco smoke represents 


little if any hazard to the normal smoker. 

With respect to the oxides of nitrogen, the maximal acceptable concentration 
for long-term exposure has been generally set at 25 ppm. Recently the Ameri- 
can Standards Association (Gray, 1959) adopted a figure of 5 ppm of NO:. 


Determination of NO and NO; in cigarette smoke (Hagen Smit ef al., 1959) 


has indicated concentrations of 150 to 650 ppm, in cigar smoke of 400 to 950 
ppm, and in pipe smoke of 125 to 1150 ppm. ; 
As in the case of CO, these concentrations are high with respect to their 
dangerous concentrations in continuous exposure (Gray, 1959). In rats, for 
example, pulmonary hemorrhage but no edema resulted from exposure to 43 
ppm of NO; for 4 hours. In cats no effects were reported following 6 hours 
exposure to 110 to 125 ppm, but death occurred in one hour at from 340 to 410 
ppm. In man it has been reported that at 64 ppm there was moderate irrita- 
tion of the larynx, at 100 ppm marked irritation and cough and, at 207 ppm, 
severe irritation of both nose and larynx. NO: has also been reported to inhibit 
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ciliary movement in tracheal preparations (Tremer ef al., 1959). ; As no dose 
response data were reported, it is difficult to evaluate this finding. In my 
laboratory almost everything applied to rabbit trachea produced stimulation at 
low doses and inhibition at higher doses, as in the case of nicotine. It is clear, 
however, that the possible role played by oxides of nitrogen in the effects of 
tobacco smoke is one that needs further study. The information available at 
present indicates, however, that NOs in tobacco smoke probably does not repre- 
sent a serious hazard because (1) the reported concentration includes both NO 
and NOz, and NO is much less active, (2) the puff concentration would be 
diluted approximately 100-fold in the lungs, and (3) the exposure is intermittent 
and of short duration. 

Data indicating the chemical complexity of the particulate phase of tobacco 
smoke have already been presented. Probably more than 80 per cent of the 
particulate is retained by smokers who inhale deeply and smaller amounts by 
noninhalers, as indicated by nicotine determinations (according to studies by 
Larson reported elsewhere in this monograph). In view of the lack of time 
and, in most cases a lack of definitive pharmacological information, my discus- 
sion of particulate components will be limited.. With respect to the 38 alkaloids 
and other bases mentioned earlier, nicotine would appear to be the important 
pharmacological component. The pharmacology of nicotine in health and 
disease is discussed in many of the other papers in this symposium. 

With respect to the other components, they may have effects at the sites 
of exposure or, when absorbed, act systemically. Many, if not most, of these 
compounds are present in amounts that by themselves would be without signifi- 
cant effect. The aliphatics, paraffins, alcohols and esters, aldehydes and 
ketones, acids, phenols and polyphenols, and sterols fall in this category, al- 
though detailed information is lacking. One point that should be emphasized 
is the report of Larson (1952) that the relative irritant versus edema-producing 
activity of smoke varies as a function of time from smoke formation to assay 
and, hence, to be strictly applicable, studies should be conducted on fresh 
smoke. Free radicals are present, but their importance is unknown. 

The highly complex class of aromatic compounds has been shown to contain 
trace quantities of compounds such as 3 ,4-benzpyrene, which are carcinogenic 
for some species of animals by some routes of administration (Cooper ef al., 
1954; Van Duuren, 1958; Wynder, 1959). The carcinogenic activity of large 
amounts of condensates of cigarette and cigar smoke has been detected using 
mouse skin as the test object, but the amounts of identified carcinogenic 
aromatic hydrocarbons appear to be much too small to explain the mouse skin 
results. Inhalation experiments to produce cancer by tobacco smoke have 
been essentially negative in all species so far tested, although changes ap- 
parently similar to “carcinoma in situ” lesions have been observed to appear 
in mice after a few months exposure (Leuchtenberger ef al., 1958). Even with 
lifetime exposure these lesions did not develop into cancer. The aromatic 
hydrocarbons have no known effects on the cardiovascular system. 

In conclusion, it should be pointed out that estimation of pharmacological 
importance of the amounts of the compounds present in tobacco smoke is best 
related to the response of the average individual, and should not be generalized 
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to include individuals who are extremely sensitive because of genetic or other 
reasons, or to those individuals who, as a result of differential aging or the 
presence or history of disease, may differ markedly from the average or normal 
in their response. Even the estimation of the factors of importance in the 
average response to tobacco smoke are extremely complex and will require years 


of careful experimentation before definitive quantitative information is avail- 
able. 
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THE PHARMACOLOGICAL ACTIONS OF NICOTINE* 


Julius H. Comroe, Jr. 
Cardiovascular Research Institute, University of California Medical Center, San Francisco, Calif, 


Nicotine is one of the most widely used drugs in the United States and one 
of the most fascinating from the physiological point of view. Nevertheless 
many physicians know little about the specific effects of nicotine in the body 
and the mechanisms by which it acts; furthermore, many pharmacologists are 
familiar only with the effects of relatively huge doses applied locally or given 
intravenously. We are presented, then, with two questions: (1) What can 
nicotine do to any system in amy dosage in any species? (2) What does nico- 
tine do in man in the doses inhaled in tobacco smoke, in the usual time inter- 
val, in an individual accustomed to smoking? 


What Can Nicotine Do? 


Effects on motor systems. These are by far the best known effects of nicotine. 
Every physician knows that nicotine, in low concentrations, can stimulate 
sympathetic ganglion cells and, in high concentration, can paralyze them. 
The stimulant effect applies to all sympathetic ganglion cells whether they are 
in the paravertebral ganglionated chain or not. Thus nicotine can cause the 
adrenal medulla (which in some respects acts as a group of sympathetic gan- 
glion cells) to liberate catecholamines; it can also act on sympathetic ganglion 
cells (or something resembling them) in the isolated heart and evoke all the 
signs of marked sympathetic stimulation of the ventricles, including liberation 
of norepinephrine. By its direct stimulant action on the paravertebral sympa- 
thetic ganglia, it can produce all the known effects of sympathetic stimulation 
on the heart, blood vessels, eye, gastrointestinal tract, bronchioles, and bladder, 
as well as an increase in metabolic rate, blood sugar, and blood unesterified 
fatty acids. 

These effects are all absent after administration of large doses of tetraethyl 
ammonium, hexamethonium, and nicotine itself, all of which block the stimu- 
lant action of nicotine, of acetyl choline, and of preganglionic nerve impulses 
on sympathetic ganglion cells. 

Less well-known is the fact that nicotine, in low concentration, can also 
stimulate parasympathetic ganglion cells and, in high concentration, block 
them. Since in many organs sympathetic and parasympathetic nerve stimu- 
lation produce opposite effects, it becomes important to know which system, 
if any, is stimulated by ordinary doses. 

Nicotine can also cause skeletal muscle to twitch (fasciculation) by a stimu- 
lant action on the motor end plate, a structure that pharmacologically often 
behaves similarly to autonomic ganglia. The stimulant effect of nicotine on 
this motor system is neither powerful nor well defined. However, the depres- 
sant action of high concentrations on neuromuscular transmission is well 
authenticated; toxic doses of nicotine presumably cause death by peripheral 

* The work described in this article was supported in part by Research Grant H-4029 from 
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neurorespiratory-muscular block, which occurs at a time when the respiratory 
center is still capable of sending impulses over efferent nerves 

Nicotine can also cause increased beating of cilia in low concentration and 
paralysis in high concentration (the action of tobacco smoke on bronchial and 
esophageal cilia should not be confused with the actions of nicotine alone). 

Effects on sensory systems. Some physicians realize vaguely that nicotine 
can stimulate certain sensory receptors but consider this action a pharmacologi- 
cal curiosity. Even eminent pharmacologists have stated: “The rise of blood 
pressure, of pulse rate and of vasoconstriction in the skin are all the result of 
the stimulation by nicotine of sympathetic ganglion cells’? and “The major 
action (of nicotine) consists of a primary transient stimulation . . . of sympa- 
thetic and parasympathetic ganglion cells.’”# Actually, if evidence obtained 
in tats and dogs can be applied to man, almost all the actions of nicotine in- 
haled in tobacco smoke are brought about by the stimulant effect of nicotine 
on certain chemoreceptors that initiate reflexes affecting many parts of the 
body. 

The most important of these are the chemoreceptors of the carotid and aortic 
bodies. Although the physiological role of these receptors is to detect changes 
in the Po,, Peco, and pH of the arterial blood and to signal the respiratory 
and vasomotor centers to take appropriate action,> they are also stimulated 
powerfully by minute doses of nicotine and its congeners (lobeline has been 
used in most physiological investigations). The typical effects are an increase 
in both the rate and depth of breathing, and circulatory actions typical of 
sympathetic stimulation, such as vasoconstriction mingled with vasodilatation, 
cardiac acceleration, and increase in blood pressure.* The effects on the 
circulation caused by chemoreceptor reflexes (acting through the efferent 
sympathetic nervous system) and those produced by the direct action of 
nicotine on sympathetic ganglia are so similar that for decades pharmacologists 
have attributed all of the circulatory effects of nicotine to direct ganglionic 
stimulation. However, if one begins with intravenous doses of nicotine (in 
either cats or dogs) so small that mo respiratory or circulatory action is pro- 
duced and then increases the amount to about one yg./kg., one notes small but 
definite increases in respiration and blood pressure that can no longer be ob- 
tained after denervation of the carotid and aortic bodies. In other words, the 
smallest effective doses do not stimulate sympathetic ganglia directly. ; 

Another group of sensory receptors, in the pulmonary and coronary circu- 
lation, is activated in cats and dogs by very low concentrations of nicotine.” 
Activation of these pulmonary and coronary chemoreflexes produces dramatic 
changes that are exactly the opposite of carotid and aortic body excitation, 
that is, it produces reflex apnea, bradycardia, vasodilation, and hypotension.’ ® 
These effects are produced in cats and dogs by doses in the range of four to 


Pe h Daly and M. J. Scott!® (145: 440-446, 1959) have emphasized that in the 
dog Per otid oe Wc dation pelt to hyperpnea but not to tachycardia, and therefore they 
believe that the chemoreceptors are in no way responsible for reflex stimulation of the sym- 
pathetic cardio-accelerator system. However, Comroe® showed 20 years previously that 
while the carotid body of the dog was responsible for most of the reflex hyperpnea of anoxia 
and nicotine, the aortic body was responsible for most of the reflex hypertension and cardiac 
acceleration. Together, the carotid and aortic bodies produce hyperpiea, tachycardia, and 


hypertension. 
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eight yg./kg. intravenously. To obtain some concept of the concentration 
of nicotine required to stimulate sympathetic ganglia directly, one finds that if 
the carotid bodies, aortic bodies, and thoracic chemoreflexes are made inopera- 
tive, approximately 32 ug./kg. of nicotine I.V. are required to cause hyper- 
tension, tachycardia and peripheral vasoconstriction. (Incidentally, evidence 
available at present indicates that parasympathetic ganglia require still higher 
concentrations for direct stimulation.) 

Still other sensory receptors are activated by nicotine. Nicotine causes 
pacinian corpuscles to discharge; Sarnoff? has hypothesized that pacinian 
corpuscles in the pancreas (and possibly elsewhere) may regulate blood pres- 
sure and/or flow in some species. Lobeline (a congener of nicotine) is known 
to stimulate pain receptors somewhere in the distribution of the pulmonary 
circulation in man," and there is some evidence of an effect of nicotine on the 
taste buds of the tongue. Rothman and Coon” have demonstrated that very 
low concentrations of nicotine excite cutaneous receptors and, by an axone 
reflex, cause local sweating and pilomotor erection. Nicotine may also cause 
either peripheral vasoconstriction (skin) or vasodilatation (muscle) by an 
axone reflex.8 All of the effects mentioned in this paragraph are abolished by 
prior administration of ganglionic blocking agents or by large doses of nico- 
tine itself. 

Effects on the central nervous system. Nicotine is not an analeptic (like metra- 
zol), nor does it produce wakefulness and insomnia (like amphetamine). 
Nevertheless, it does have subtle effects on man’s psyche. Although it is hard 
to identify the effect, it appears that smoking produces pleasurable reactions 
or tranquility and that this is due, at least in part, to nicotine, and not entirely 
to the physical manipulations involved in smoking." 

No one has identified all of the various cells in the central nervous system 
affected by nicotine. It is known that dilute nicotine applied directly to the 
motor cortex produces convulsions and that concentrated solutions depress 
these cells. (Incidentally, large doses localized to the carotid body receptors 
can cause convulsions by reflex action; little is known of the effects of minimal 
chemoreceptor stimulation on cortical activity.) 

{t has been shown beyond question that ordinary doses of nicotine can 
liberate, in some sensitive individuals, antidiuretic hormone from the posterior 
pituitary,’ presumably by activation of the supraopticohypothalamic system. 
In a sense, then, this represents activation by nicotine of another type of 
chemoreceptor reflex within the hypothalamus-pituitary region; it is not known 
whether activation of carotid and aortic bodies can activate this system re- 
flexly or whether local application is required. 

It is important to remember that liberation of antidiuretic hormone from 
the posterior pituitary does not mean that pitressin or some substance capable 
of constricting fine blood vessels is also circulating in effective concentrations; 
Walker demonstrated many years ago that, although very low concentrations 
of posterior pituitary hormone cause antidiuresis, approximately 200 times this 
concentration is needed to constrict blood vessels. 

This long and probably incomplete recital of what nicotine can do in various 
concentrations illustrates many possible conflicts in action. Thus its stimulant 
effects on sympathetic ganglia and the adrenal medulla lead to increased rate 
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and force of cardiac contraction, predominant vasoconstriction, and hyper- 
tension, but its stimulant action on parasympathetic ganglia leads to opposite 
effects. Its actions on the carotid and aortic bodies produce hyperpnea and 
hypertension; its actions on the thoracic chemoreflexes cause apnea and hypo- 
tension. In addition, each important change in respiration or blood pressure 
initiates secondary, compensatory changes. 

_ The problem of stating with certainty the actions of nicotine in man can be 
realized when one adds to the above list the known facts of (1) depression by 
high concentrations of the functions stimulated by low concentration, (2) the 
tolerance developed by man to long-continued usage of nicotine, (3) the great 
variability in response shown by normal individuals, and (4) the qualitative 
change in response following surgical procedures, such as a variety of operations 
on the sympathetic nervous system. 

Other papers in this monograph discuss many measurements following ad- 
ministration in man. As we read them, let us think in terms of dosage or 
concentration used and dose per unit time, the type of subject (tolerant or 
novice), route of administration (whether by inhalation or intravenously), 
and anatomic and pharmacological integrity of sensory and motor autonomic 
pathway in the individual, for all of these can influence to a marked degree 
the final picture. Let us also remember that nicotine, in any reasonable dose, 
acts only through existing physiological pathways, and never acts as a non- 
specific tissue poison. 
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THE MECHANISM OF GANGLIONIC BLOCKADE PRODUCED 
BY NICOTINE* 


Edward W. Pelikan 


Department of Pharmacology and Experimental Therapeutics, 
Boston University School of Medicine, Boston, Mass. 


In textbooks that discuss the mechanism by which nicotine impairs ganglionic 
transmission, the mode of action generally accepted is that proposed by Paton 
and Perry (1953): “Nicotine appears to have a dual action, being initially a 
depolarizing, later a competitive blocking drug.” In contrast, tetraethylam- 
monium ion and hexamethonium ion were believed by Paton and Perry to 
impair ganglionic transmission by acting only as competitive drugs blocking 
acetylcholine released from presynaptic nerve terminals. The results of Lund- 
berg and Thesleff (1953) were in agreement with those of Paton and Perry, in 
so far as the former found also that the ganglionic effects of nicotine occurred 
in two phases: an immediate depolarization of postsynaptic cells accompanied 
by impaired impulse transmission and a subsequent period of persistent im- 
paired impulse transmission after repolarization was complete. Lundberg and 
Thesleff rejected the view that the second phase could result from a decrease 
of neurotransmitter from the presynaptic nerve endings, but they did not 
maintain that the second phase of ganglionic ‘“‘block” by nicotine was the 
result of competition with the neurotransmitter. They adduced the evidence 
of Feldberg and Vartiainen (1935) that ganglionic block produced by nicotine 
was not accompanied by a decrease in acetylcholine content of the venous 
effluent of the blocked ganglion. 

Experiments have led my colleagues and me to agree with Paton and Perry 
(1953) that hexamethonium produces ganglionic blockade by competing with 
the neurotransmitter for postsynaptic receptor sites. However it seems to us 
most probable that the impairment of ganglionic transmission produced by 
nicotine, which outlasts the period of stimulation or depolarization, is the result 
of an impaired release of neurotransmitter from presynaptic nerve terminals. 

Paton and Perry (1953), Lundberg and Thesleff (1953), and we have studied 
transmission of impulses through the superior cervical ganglion of the cat. 
Paton and Perry and Lundberg and Thesleff studied essentially the demarca- 
tion potentials of the postganglionic nerve cell bodies and the action potential 
traffic in postganglionic nerve fibers. We have accepted the amplitude of con- 
traction of the nictitating membrane evoked by ipsilateral preganglionic nerve 
stimulation as a measure of transmission through the ganglion. Our rejection 
of electrical recording techniques should, perhaps, be explained. Eccles (1935) 
first demonstrated that anoxia has trivial effects on the post-ganglionic action 
potentials; barring a slight increase in latency of response and a slight slowing 
of all waves, the action potentials continue unaltered and suffer a gradual de- 
cline in amplitude over a period of an hour or more. Marazzi (1939) has con- 
firmed Eccles’ observation and we, too, have made identical observations (Peli- 
kan, unpublished observations). We have observed, however, that asphyxia of 


* The work described in this paper was supported in part by grants from the Tobacc 
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the animal or occlusion of the common carotid artery low in the neck leads, 
within a minute or two, to marked impairment or abolition of the response of 
the ipsilateral nictitating membrane to preganglionic stimulation; the degree 
of effect varies inversely with the frequency of stimulation. On the other 
hand, in our experience the occlusion of the external carotid artery well above 
the origin of the lingual artery (which decreases ipsilateral blood flow to the 
nictitating membrane, but leaves blood flow to the ganglion intact) does not 
lead to impaired responses of the membrane to preganglionic nerve stimula- 
tion. We have been forced to conclude that the electrical signs of ganglionic 
activity do not always reflect accurately the changes in the functional state of 
the ganglion.* 


Ganglionic Block at High and Low Frequencies of 
Preganglionic Nerve Stimulation 


Experiments were performed on 30 cats of both sexes anesthetized with 
sodium pentobarbital (35 mg./kg., intraperitoneally), supplemented by sodium 
phenobarbital given intravenously as needed. In every cat the trachea was 
cannulated, femoral arterial blood pressure was recorded kymographically 
using a mercury manometer, and a femoral vein was cannulated to permit 
intravenous injections. Stimuli were applied via shielded platinum electrodes 
to the right preganglionic nerve trunk low in the neck, and surgical manipula- 
tions in the region of the superior cervical ganglion were scrupulously avoided; 
square-wave stimuli of supramaximal voltage, 1 msec. duration, and of varying 
frequencies were obtained from a Grass Model S-4 stimulator. Isotonic con- 
tractions, with a 3.0-gm. load, of the ipsilateral nictitating membrane were 
recorded kymographically using an ink-writing muscle lever. The mid-line 
cervical incision was closed by suture after surgery was completed. 

All injections of ganglionic blocking agents were made by rapid retrograde 
intra-arterial injection into the lingual artery in volumes of 0.5 ml. or less. 
Occlusion of the external carotid artery cephalad to the origin of the lingual 
artery during and shortly after the period of injection, in the manner of Tren- 
delenburg (1956), ensured access of the bulk of the injected mass to the ganglion 
before drug reached the systemic circulation. Nicotine base, tetraethylam- 
monium bromide, hexamethonium chloride, and morphine sulfate were dis- 
solved in 0.9 per cent sodium chloride solution; the solutions were adjusted to 
pH 7.4 with sodium hydroxide and hydrochloric acid, and were administered 
at room temperature. Administration under the same conditions of solutions 
jdentical to these, but for the absence of drug, had no effect on the response of 
the membrane. Intra-arterial injections of drug solutions after occlusion of 
the external or common carotid artery just below the origin of the lingual artery 
affected the nictitating membrane response, if at all, only after a latency of 15 
to 30 sec. Changes in systemic blood pressure following drug injections were 
poorly correlated in magnitude and time course with changes in response of the 
membrane. Usually more than one drug was administered during the course 

; nt. 
z esti shed designed with the view that valid assay of drug antagonists 

* This work has been reported previously only in abstract form (Pelikan and Garcia, 1959, 

1960). 
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involves comparison of the influence of various doses of antagonist on the 
effects of varying doses of the agonist. Acetylcholine, or other neurohumor, 
may be considered the agonist at the ganglionic synapse. Since the amount 
of acetylcholine released per nerve volley is independent of frequency of pre- 
ganglionic nerve stimulation, at least at rates of from 2 to 20/sec. (Birks and 
MacIntosh, 1957), the amount of agonist released per unit time is proportional 
to stimulation frequency. Our experiments, therefore, involved analysis of 
the effects of nicotine and the drugs on the frequency response curve of the 
ganglionic transmission system. 

In our experiments, stimuli were applied at a low frequency for a period of 
10 sec., after which a high stimulation frequency was applied for 10 sec.; the 
change in frequency was made abruptly by manual switching without the 
occurrence of a stimulus-free period. Such trains of stimuli were repeated at 
1 to 3 min. intervals (after relaxation of the membrane had occurred) before 
and after all drug injections; a second dose of drug was not administered until 
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FicurE 1. Response of cat nictitating membrane to low and high frequency stimulation. 


the responses to stimuli had been constant for 4 to 6 or more minutes. The 
membrane response to the higher stimulation frequency was independent of 
whether or not a preceding period of low frequency stimulation had occurred. 
Qualitatively similar results were obtained with various pairs of frequencies, 
for example, 1.25/sec. and 20/sec., or 2/sec. and 20/sec., or 5/sec. and 20/sec. 
In our experiments we have routinely used frequencies of 1.25/sec. and 20/sec. 
The amplitude of membrane contraction at the two frequencies, respectively, 
were both measured from the base line present before low frequency stimula- 
tion was begun; the amplitude of contraction at the higher frequency was always 
larger than at the lower. 

Results typical of those seen after the administration of hexamethonium 
chloride (C6) (20 to 120 ug.) are displayed in FrGuRE 1. After the administra- 
tion of hexamethonium, which by itself never caused retraction of the mem- 
brane, ganglionic blockade was manifested by a marked decrease, relative to 
the control, of the response to the higher frequency of stimulation; the response 
to the lower frequency of stimulation was much less affected. In other terms 
the ratio of the response to the higher frequency after drug administration 
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(HFR,) to the low frequency response after the drug (LFR,) was smaller than 
the ratio of the high frequency response before drug administration (HFR,) 
to the low frequency response before the drug (LFR,). The effect of hexa- 
methonium was to decrease the ratio: (HFR,/LFR,)/(HF R,/LFR,). During 
recovery from the effects of hexamethonium, the response to low stimulation 
frequencies returned to control values more quickly than did the high fre- 
quency response. The relatively greater sensitivity of the ganglion to hexa- 
methonium at higher frequencies of preganglionic nerve stimulation was re- 
ported first by Paton and Zaimis (1951). 

Remarkably different effects were seen after the administration of nicotine 
(FIGURE 2). With all doses of nicotine larger than 2 to 3 ug., injection was 
immediately followed by retraction of the nictitating membrane caused, pre- 
sumably, by the depolarizing or stimulating effects of nicotine on the post- 
synaptic cell. With doses of nicotine from 20 to 80 yg., ganglionic blockade 
could be detected as an altered response to preganglionic nerve stimulation 
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Ficure 2. Responses of cat nictitating membrane to low and high frequency stimulation. 


after the ganglionic stimulating effects of nicotine had passed off and the mem- 
brane had relaxed. In contrast to the effects seen after hexamethonium, the 
impaired ganglionic transmission induced by nicotine was manifested by a 
relatively greater decrease in low frequency response than in the response to 
the higher frequency of preganglionic nerve stimulation. With doses sufficient 
to affect markedly the response to low stimulation frequencies, the response 
_ to high stimulation frequencies was also affected somewhat, but the effect of 
nicotine was to increase the ratio (HFR,/LFRa,)/(HFR»/LFR»). With nico- 
tine it was possible to abolish the low frequency response completely, without 
abolishing the high frequency response; that is, with nicotine it was possible to 
make the ratio (HFR,/LFR,)/(HFR»/LFR») infinitely large. Throughout 
the duration of action of a single dose of nicotine, that is, for as long as 20 to 
25 min. in our experiments, the high frequency response was relatively less 
affected than was the response to the low stimulation frequency. 

Neither with asphyxia, produced either by occlusion of the tracheal cannula 
or by occlusion of the carotid artery, nor with tetraethylammonium bromide 
(200 to 1000 ug.) alone was contraction of the membrane observed. But both 
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asphyxia and tetraethylammonium bromide affected ganglionic transmission 
as did nicotine: the low frequency response was decreased relatively more than 
was the response to the higher frequency stimulation. Clark and Harvey 
(1959) have also reported that tetraethylammonium and hexamethonium differ 
in their effects on transmission through the superior cervical ganglion of the 
cat. 

Feldberg and Vartiainen (1935) reported that nicotine did not impair release 
of acetylcholine from the superior cervical ganglion in which transmission had 
been impaired by nicotine. Feldberg and Vartiainen, however, give little 
quantitative data for their experiment and, in the specific experiment illus- 
trated, they assayed for acetylcholine by a 1 X 1 assay using the blood pressure 
response of a cat with an intact autonomic nervous system as the criterion of 
drug effect: a somewhat hazardous way to assay a mixture of agents, both of 
which affect the autonomic nervous system of the cat. The response of our 
preparation to asphyxia suggested that asphyxia (and, by inference, nicotine 
and tetraethylammonium) affected the ganglion in a way that could be com- 
pensated for by increasing the frequency of preganglionic stimulation. Paton 
and Zaimis demonstrated that hexamethonium in effective doses did not de- 
crease the amount of acetylcholine released from the perfused superior cervical 
ganglion. Knowing the difference in effects of nicotine, asphyxia, tetraethyl- 
ammonium, and hexamethonium, and knowing that hexamethonium did not 
affect acetylcholine release from the ganglion, it was easy to hypothesize that 
nicotine, asphyxia, and tetraethylammonium blocked ganglionic transmission 
by preventing the release of neurotransmitter from presynaptic nerve termi- 
nals. 

To test this hypothesis, we established a quantitative model of the gangli- 
onic transmission process, using the following observations or assumptions: 

1) The amount of acetylcholine (neurotransmitter) released in the ganglion 
per preganglionic volley, at least during a short period of stimulation, is in- 
dependent of stimulation frequency (Birks and MacIntosh, 1957). 

2) The amount of neurotransmitter released per unit time is a linear func- 
tion of stimulation frequency. As did Rosenblueth (1932), we found the max- 
imum response of the membrane to occur with preganglionic nerve stimulation 
at a rate of 20/sec. The amount of neurotransmitter released in 10 sec. with 
supramaximal stimulation at this rate was arbitrarily assigned a value of 100 
units ; the amount released at a frequency of stimulation of 1.25/sec. was 6.25 
units. 

3) The maximum contraction of which the nictitating membrane is capable 
when stimulated via pre- and postganglionic fibers is measured by the number 
of receptors on the postsynaptic cell body available for occupation by the 
neurotransmitter. 

4) The fraction of-available receptors occupied is related linearly to the ratio 
(neurotransmitter units released/total available receptors). 

5) The fraction of the maximum contraction of the nictitating membrane 
produced by stimulation of the preganglionic nerve is measured by the loga- 
rithm of the fraction of the available postsynaptic receptors occupied by the 
neurotransmitter. The absolute amplitude of contraction of the membrane 
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depends, therefore, on both the fraction of available receptors occupied by 
neurotransmitter and the total number of receptors available for occupation. 

6) Responses of the membrane of greater than 100 per cent are not possible 
under any circumstances. Calculated values larger than 100 per cent are 
arbitrarily reduced to that value. 

With our mechanical recording system, the amplitude of membrane response 
was linearly related to the logarithm of the frequency of preganglionic nerve 
stimulation: in the normal ganglion a frequency of 1.25/sec. produced a fe- 
sponse, on the average, 33 per cent of maximum, and a frequency of 20/sec. 
produced a maximum or 100 per cent response. On semilogarithmic graph 
paper, using “(neurotransmitter units released/total available receptors) times 
10Q” as abscissal units on the logarithmic scale, and “per cent of maximum 
contraction” as ordinal units, we drew a straight line connecting the points 
(100, 100) and (6.25, 33). Using the postulates and the curve prepared as 
described, and by assigning arbitrary numerical values to the amount of neuro- 
transmitter released per volley per unit time and the total number of post- 
synaptic receptors available for occupation by the neurotransmitter, it was 
possible to compute theoretical values for amplitude of contraction of the 
nictitating membrane with different frequencies of stimulation during normal 
ganglionic transmission and when ganglionic transmission was impaired by 
agents of two hypothetical types: 

1) A type that could only decrease the amount of neurotransmitter released 
per volley from the nerve terminals of preganglionic fibers without altering the 
neurotransmitter or the postganglionic receptor mechanism in any way; and 

2) A type that could only decrease the number of receptors on the post- 
synaptic cell body available to neurotransmitter released in normal quantities 
per volley from the presynaptic nerve endings. 

Using computed values for response of the membrane to preganglionic stim- 
ulation, theoretical curves were plotted, each of which demonstrated the rela- 
tionship between high frequency response and low frequency response before 
and after administration of agents of each of the two hypothetical types de- 
scribed above. The ordinal unit for such curves was the ratio described above: 

(HFR,/LFR,)/(HFRp/LFR»). The abscissal unit was LFR,/LFR» , a meas- 
"ure of the effective dose of agent reaching the ganglion, expressed in terms of 
the effect of the dose on the low frequency response. The theoretical curves 
are presented as the curved lines of ricures 3, 4, and 5. The curve ascending 
to an ordinal value of infinity represents the relations among HFR and LFR 
before and after administration of an agent that only decreases the release of 
neurotransmitter from presynaptic terminals; the curve descending to an 
ordinal value of 0.33 represents these relationships before and after administra- 
tion of an agent that impairs ganglionic transmission only by decreasing the 
number of postsynaptic receptors available to the neurotransmitter. 

Experimental data from two representative experiments with nicotine are 
compared with the theoretical curves in FIGURE 3, and data from four repre- 
sentative experiments with hexamethonium are presented similarly in FIGURE 
4. It should be pointed out that ordinal and abscissal units are dimensionless 
and permit uniform plotting of all membrane responses throughout the time 
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course of action of all doses of an agent for all the experiments in which the 
action of that drug was studied. The data obtained after administration of 
nicotine fitted well the theoretical curve for an agent which impairs ganglionic 
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FicurE 3. Effect of nicotine on ganglionic transmission in the cat. 


transmission by only decreasing the amount of neurotransmitter released per 
nerve volley. Data obtained after administration of tetraethylammonium 
bromide or after asphyxiation of the cat also closely approximated this ascend- 
ing curve. In contrast, the data for hexamethonium fitted the curve expected 
of an agent that blocks ganglionic transmission by only decreasing the number 
of post-synaptic receptors available for occupation by the neurotransmitter. 
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Our data for hexamethonium are consistent with the mechanism of action of 
this agent proposed by Paton and Zaimis (1951); hexamethonium acts as a 
competitive antagonist to the ganglionic neurotransmitter. 
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Ficure 4. Effect of hexamethonium on ganglionic transmission in the cat. 


We next sought confirmation of our theoretical formulations by studying the 
actions of morphine sulfate in impairing ganglionic transmission. — en 
(1957) and Paton (1957) have demonstrated that morphine impairs the release 
of acetylcholine from isolated segments of guinea pig ileum. In our oe 
tion, morphine sulfate (100-400 ug. intra-arterially) produced a re a 
pairment of ganglionic transmission, without any preceding period . s a a 
tion. As we had anticipated, the effects of morphine on the high and low 
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frequency responses were consistent with the hypothesis that morphine acted 
only to decrease the amount of neurotransmitter released by each preganglionic 
nerve volley (FIGURE 5). 
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FicureE 5. Effect of morphine on ganglionic transmission in the cat. 


Experiments with Isolated Guinea Pig Ileum Segments 


In order to test the hypothesis that nicotine might impair ganglionic trans- 
mission by impairing release of neurotransmitter, it was necessary to demon- 
strate that nicotine could impair release of acetylcholine from at least some 
organ and that methods could be developed that would permit detecting this 
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effect. The necessity of measuring minute quantities of acetylcholine de- 
manded the use of a biological assay procedure but, with the usual assay tis- 
sues, nicotine has effects qualitatively and quantitatively similar to those of 
acetylcholine. 

_ Satisfactory assays of acetylcholine in the presence of nicotine were obtained 
using the isolated rat ileal segment as the assay tissue. Segments of ileum 
about 2.5 cm. long were removed from rats weighing about 150 gm. The 
segment was suspended in an oxygenated Tyrode’s solution in a 10 ml. muscle 
bath maintained at a temperature of 37° C.; the solution contained glucose, 
magnesium, and calcium, and neostigmine bromide (1 ug./ml.). Unknown 
solutions and freshly prepared standard solutions of acetylcholine were added 
alternately to the muscle bath in constant volumes (0.5 ml.); contractions of 
the ileal segment were recorded kymographically using an isotonic, ink-writing 
muscle lever. Tension on the segments varied from 0.25 to 2.0 gm., but was 
held constant in any experiment. 

All assays performed using the rat ileal preparation have been of a 2 X 2 
design; assays have been performed after fitting a common slope to the dose- 
effect curves of the standard and unknown. All experiments (including those 
with effluent from the Kibjakov preparation, described below) that yielded 
sample volumes too small to permit a 2 X 2 assay design were rejected as in- 
capable of yielding valid results. It was established in preliminary experi- 
ments that the rat ileal segment was more than 10,000 times as sensitive to the 
spasmogenic effects of acetylcholine as to the spasmogenic effects of nicotine; 
tetraethylammonium and hexamethonium in concentrations as high as 1 
mg./ml. did not cause contraction of the rat ileum. Acetylcholine in con- 
centrations as low as 1 to 10 ng. (0.001 to 0.01 ywg.)/ml. could be assayed regu- 
larly with this preparation. Concentrations of nicotine, tetraethylammonium 
bromide, and hexamethonium chloride as high as 10 ywg./ml., given before or 
with acetylcholine, had no effect on the response of the rat ileum to acetyl- 
choline. 

In more than 70 experiments, we studied the effects of nicotine, tetraethyl- 
ammonium bromide, and hexamethonium chloride on the acetylcholine content 
of solutions in which guinea pig ileal segments had been incubated. Specifi- 
cally, we determined the content of material spasmogenic for the rat ileum, 
assayed as acetylcholine. The guinea pig ileal segments were incubated at 
37° C. in oxygenated Tyrode’s solution containing glucose, magnesium, calcium, 
and neostigmine bromide (1 wg./ml.). The drug to be studied was added in 
predetermined concentrations to the incubation mixture; after 5 min. the 
medium was decanted to remove acetylcholine released during the ganglionic 
stimulating phase of nicotine’s action and replaced by a like amount of fresh 
drug-containing solution. After one hour of incubation, the medium was re- 
moved and its spasmogen content determined, using the rat-ileum preparation. 
The effects of the spasmogen on the rat-ileum could be abolished by atropiniza- 
tion of the ileum or by boiling the sample. 

As controls, some guinea pig ileum segments were boiled for 20 min. Such 
segments were then incubated, in the presence or absence of. nicotine, tetra- 
ethylammonium bromide,’ or hexamethonium chloride; none of the media in 
which boiled ileal segments had been incubated contained spasmogen. 
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Nicotine (1 yg./ml.) in the incubation medium containing unboiled guinea 
pig ileal segments decreased the amount of spasmogen in the medium to 40 
per cent, on an average, of the amount contained in medium from control 
flasks containing unboiled segments without nicotine. No spasmogen was 
found in the medium that had contained unboiled ileal segments and nicotine 
(10 wg./ml.). We concluded that nicotine can, in fact, cause a decrease in the 
amount of acetylcholine released from a tissue which contains ganglia. There 
is no reason to believe that the effect of nicotine on the spasmogen content of 
the medium was the result of an impaired synthesis of acetylcholine. Fahmy 
et al. (1954) have shown that concentrations of nicotine even larger than those 
used by Bain (1950) were required to decrease the cholinacetylase activity of 
rat brain by 50 per cent. Bain (1950) demonstrated that nicotine had only an 
inhibitory effect on rat brain cholinesterase in concentrations about 1000 times 
as great as we have used. 

In contrast to the results obtained with nicotine, neither hexamethonium 
chloride nor tetraethylammonium bromide, both in concentrations as high as 1 
mg./ml., had any effect on the spasmogen content of the incubation medium 
for the guinea pig ileal segments. We anticipated the lack of effect of hexa- 
methonium on the basis of the results reported by Paton and Zaimis (1951); 
we had not anticipated the lack of effect of tetraethylammonium since it affected 
the nictitating membrane response to preganglionic stimulation in exactly the 
way that nicotine had. Nor are we able to account for the apparent disparity 
in the results of our in vivo and in vitro experiments with tetraethylammonium. 
With concentrations of the agent as high as 1 mmole, Kumagai ef al. (1954) 
found neither inhibitory nor facilitatory effects of tetraethylammonium (or 
of hexamethonium) on the cholinacetylase activity of rat brain. Tetraethyl- 
ammonium ion has been shown to have facilitatory and inhibitory effects on 
cholinesterases under different experimental conditions (Kalow, 1960; Erdés 
et al., 1958; Kensler and Elsner, 1951). Stovner (1958), however, has con- 
cluded from the results of his studies of the actions of tetraethylammonium at 
the skeletal neuromuscular junction that the agent causes a release of acetyl- 
choline from motor nerve terminals. The complexity of organization of the 


intestinal strip makes it impossible to interpret our results with tetraethyl- 
ammonium ions in vitro. 


Experiments with the Kibjakov Preparation 


With the evidence at hand that nicotine could decrease the output of acetyl- 
choline from an organ, and that the decrease could be detected and measured, 
we attempted to assess the effects of nicotine on the output of acetylcholine from 
the perfused superior cervical ganglion of the cat. Paton and Zaimis (1951) 
have already reported that in this preparation hexamethonium can produce 
ganglionic blockade without impairing acetylcholine release. 

The right superior cervical ganglion of 23 barbitalized tracheotomized cats 
was perfused essentially in the manner described by Kibjakov (1933). Oxy- 
genated glucose-containing Ringer’s solution, containing magnesium, calcium, 
and neostigmine bromide (1 yg./ml.), was perfused cephalad into the common 
carotid artery under a pressure head of 80 to 120 mm. Hg, using a constant 
volume pulsatile-flow perfusion pump. Perfusion pressure and systemic 
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arterial blood pressure were monitored continuously by means of mercury 
manometers. Before entering the artery the fluid was warmed in the manner 
described by Perry (1953). All visible arterial branches above the site of 
entrance of the cannula were ligated and cut, including the external carotid 
artery, but excluding the lingual artery (through which retrograde intra- 
arterial injections were made as described above) and excluding the branch 
or branches passing to the ganglion. In none of our experiments could the 
internal jugular vein be cannulated, even with a 25-gauge hypodermic needle; 
hence, venous effluent was collected via a cannula of less than 0.25 ml. volume 
placed in a branch of the posterior facial vein. Visible venous branches drain- 
ing areas other than the ganglion were ligated and cut. Venous effluent was 
collected and measured continuously, but over time periods held constant in 
length during any given experiment. Venous outflow in different experiments 
ranged, in the absence of nicotine, between 0.5 and 2.5 ml./min. 

Stimuli were applied to the ipsilateral preganglionic trunk at a frequency of 
20/sec. and the contractions of the ipsilateral nictitating membrane were 
recorded in the fashion described above. Nicotine solutions identical to those 
previously used were injected to the ganglion via the lingual artery; nicotine 
doses of 100 wg. were used. 

The spasmogen content of the effluent was assayed against an acetylcholine 
standard using the rat ileum preparation. Results were expressed as output 
of spasmogen, as acetylcholine, in ng./min. Only the results of 2 x 2 assays 
were considered valid. Samples of effluent were stored on ice for no more than 
two hours before being assayed. The spasmogenic activity of the effluent for 
the rat ileum could be abolished by atropinization of the ileum or by boiling the 
sample. 

Three experiments were technically adequate to permit study of the effects 
of nicotine on the output of acetylcholine from the ganglion. In all three, in 
contrast to the report of Feldberg and Vartiainen (1934), injection of nicotine 
in a dose sufficient to prevent the response of the nictitating membrane to 
preganglionic nerve stimulation was followed by a decrease in the acetylcholine 
content of effluent from the ganglion. Results of two of the experiments are 

portrayed in FIGURES 6 and 7. 

In FIGURES 6 and 7 open circles indicate the quantities of acetylcholine in 
samples of effluent obtained in the absence of preganglionic nerve stimulation, 
closed circles correspond to samples obtained during periods of preganglionic 
nerve stimulation. The length of the horizontal lines associated with the 
circles indicate the periods during which the samples were collected and the 
duration of preganglionic stimulation when it was applied. In FIGURE 6, the 
horizontal line also represents the geometric mean acetylcholine content of 
replicate assays on single effluent samples. 

The figures demonstrate, first, that unlike the data reported by MacIntosh 
(1938), we have not invariably found the output of acetylcholine from the un- 
stimulated ganglion to be zero, or negligible, nor have we found that the acetyl- 
choline output from the stimulated ganglion was invariably greater than the 
output from the unstimulated ganglion. Second, the figures demonstrate no 
increase above control levels of acetylcholine content of samples of effluent 
obtained immediately after injection of nicotine; that is, there was no ap- 
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parent change in acetylcholine output that could be attributed to a release of 
acetylcholine by nicotine or to a spurious assay resulting from the presence of 
nicotine in the effluent. 

It can be seen in FIGURES 6 and 7, however, that injection of nicotine into 
the Kibjakov preparation was followed by the usual local circulatory changes 
(see below), by abolition of the response of the nictitating membrane to pre- 
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FicurE 6. Effect of nicotine in the Kibjakov preparation. 


ganglionic nerve stimulation, and by a simultaneous abrupt decrease in the 
amount of acetylcholine released into the effluent from the ganglion. The 
paralysis of the nictitating membrane (to which the blood supply had been 
drastically reduced) occurred abruptly after the administration of nicotine and 
was usually irreversible. In one experiment however (not pictured here) 
acetylcholine output returned to control levels following the decreased output 
produced by nicotine. 

Our results are consistent with the hypothesis that the impairment of gan- 
glionic transmission produced by nicotine that follows the stimulant effect of 
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nicotine on the ganglion, is a result of an action of nicotine to decrease the 
amount of neurotransmitter released per nerve volley from the preganglionic 
nerve terminals, rather than the result of an effect of nicotine to make post- 
synaptic cell receptors unavailable to the neurotransmitter. 

In contrast to the results implicit in most of the reports in the literature, we 
were unable surgically to isolate completely the circulation of the ganglion from 
the systemic circulation while the animal was alive. FicureE 8 displays the 
results of an experiment performed specifically to demonstrate this. As can 
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Ficure 8. Perfusion of cat superior cervical ganglion. 


be seen from the figure, immediately after beginning perfusion the hemoglobin 
concentration of the effluent was greater than that of the systemic venous blood 
(hemoglobin was measured photocolorimetrically after hemolysis with saponin, 
and is expressed as a percentage of the initial hemoglobin concentration of 
systemic venous blood determined on replicate samples). During this period 
the quantity of effluent recovered was less than half of the volume infused. 
Briicke (1935) too, failed to recover the perfusate quantitatively. After liga: 
tion of the contralateral common carotid artery and both jugular veins, the 
hemoglobin concentration of the effluent became less than that of the systemic 
venous blood, but still more fluid was infused than was recovered. The con- 
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tinuous and progressive decrease in the systemic venous blood hemoglobin 
concentration throughout the course of the experiment probably was caused 
by continuous loss of perfusate into the systemic circulation. Only after death 
of the animal by asphyxiation did the effluent become free of hemoglobin. 
After a transient increase in the amount of effluent relative to the amount 
infused at the time of asphyxia, more fluid again was infused than was recovered. 
Death of the animal resulted in a significant decrease in resistance to perfusion 
(outflow in ml./min.]/[perfusion pressure in mm. Hg]) in the perfused area. 
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Ficure 9. Perfusion of cat superior cervical ganglion. 


As a consequence of experiments such as those documented by FIGURE 8, 
studies on the effects of nicotine on acetylcholine release were carried out only 
in dead cats in which the contralateral major cervical vessels had been ligated. 
In contrast to the results implicit in most reports in the literature concerning 
the Kibjakov preparation, we observed that preganglionic nerve Sa ee 
and the injection of nicotine, altered the circulatory dynamics of the perfuse 
tissues. This. effect of nicotine is pictured in FIGURE 9. Administration of 
nicotine, before or after ligation of the contralateral cervical vessels and ae 
of the animal, usually resulted in increased resistance to perfusion and an ab- 
solute decrease in the volume outflow per minute from the sie aaa 
Frequently, but not in the experiment pictured in FIGURE 9, following the 
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injection of nicotine there was an increase in the volume flow of effluent relative 
to the volume flow of affluent, and the previously clear effluent became blood- 
tinged. These same effects were observed, albeit less consistently, after pre- 
ganglionic nerve stimulation. Similar results were obtained after pregan- 
glionic nerve stimulation or injections of epinephrine in the isolated perfused 
rabbit head preparation by Wierzuchowski (1938) and Regnier (1926). Com- 
munication of the perfused vasculature and the systemic circulation is il- 
lustrated in FIGURE 9 by the marked decrease in systemic blood pressure pro- 
duced by injection of nicotine in the living animal. 

The effects of nicotine and preganglionic nerve stimulation on the circulatory 
dynamics of the area perfused in the Kibjakov preparation seem best explained 
as a net decrease in blood flow in the perfused area caused by vasoconstriction 
induced by stimulation of vasomotor nerve cell bodies in the ganglion. The 
transient appearance of blood in the effluent and the usual increase in relative 
volume flow of effluent following such stimulation suggests that, with restric- 
tion of blood flow to areas previously easily perfused, there is a simultaneous 
change in venous outflow: after nicotine injection or nerve stimulation some 
areas contribute to the total venous return that probably did not contribute 
before. 

Nothing quantitative is known about the partition of affluent volumes among 
various tissues to which the perfusate has access, nor about the relative im- 
portance of various sources of venous effluent or the neurotransmitter output 
from areas other than the ganglion perfused. Hence it is not feasible to 
evaluate, quantitatively, the relationship of these circulatory changes to the 
observed effects of nicotine on the acetylcholine content of the effluent. How- 
ever, in one cat killed by asphyxiation before perfusion was begun and upon 
which a sham experiment was performed, no material spasmogenic to the rat 
ileum was found in any effluent sample. The amount of spasmogen that 
could have been present in any sample in this experiment was equivalent to 
an output as acetylcholine of less than 0.1 ng./min., less than one fiftieth of the 
output usually obtained from a preparation containing a functional ganglion. 


Summary and Conclusions 


Before the publication of Clark’s monograph (Clark, 1937), it was customary 
to attribute the effects of many drugs to actions on nerve endings. After 
Clark’s publication, attention was focused on postsynaptic cell receptors as a 
site of drug action. Within only the last few years has evidence again been 
interpreted as indicating that presynaptic mechanisms may be modified by 
drugs that affect synaptic transmission. However, the presynaptic nerve 
terminals in ganglia have not previously been suggested as the locus at which 
nicotine acts to block ganglionic transmission at a time beyond the period of 
ganglionic stimulation. The fit of the experimental data to the theoretical 
curves, the results of our in vitro experiments, and the consistency of these 
results with those obtained using the Kibjakov preparation have led us to 
the following conclusions: 

(1) In even the lowest doses that block ganglionic transmission in the 
superior cervical ganglion of the cat, nicotine, tetraethylammonium bromide, 
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and morphine impair impulse transmission by a mechanism fundamentally 
different from that by which hexamethonium chloride affects transmission. 

(2) Hexamethonium probably blocks ganglionic transmission by competing 
with acetylcholine for postsynaptic receptor sites in the manner suggested 
originally by Paton and Zaimis. 

(3) In contrast, the ganglionic blockade produced by nicotine, which out- 
lasts the period of depolarization of the postsynaptic cells, is probably the 
result of an impaired release of acetylcholine from presynaptic nerve terminals, 
rather than the result of a competition for postsynaptic receptor sites between 
nicotine and acetylcholine. 
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ACTION OF NICOTINE ON THE HEART 


J. Harold Burn 
Balliol College, University of Oxford, Oxford, England 


Indirect Effects of Nicotine 


In describing the action of nicotine on the heart, certain indirect actions will 
be considered first. Nicotine stimulates sympathetic ganglia and therefore 
raises the blood pressure. Nicotine also increases the discharge of epinephrine 
from the adrenal medulla, and epinephrine dilates the coronary vessels. The 
combination of these two effects must improve the coronary flow. 

Nicotine also stimulates the cells of the supraoptic nucleus, from which 
impulses pass to the posterior lobe of the pituitary and cause a discharge of 
vasopressin. Vasopressin causes a reduction of coronary flow. However, the 
amounts of vasopressin detected in the venous blood of man after smoking 
cigarettes have been too small to cause a significant reduction, although these 
amounts are sufficiently large to have a pronounced antidiuretic effect on the 
kidney (Burn ef al., 1945). 


Direct Effects of Nicotine 


The fibers of the vagus nerve that go to the heart are preganglionic fibers- 
They terminate around ganglia in the atria of the heart. These ganglia give 
off short fibers that are postganglionic; at the terminations of these fibers 
acetylcholine is liberated. Nicotine stimulates these vagal ganglia and, as a 
result, produces an inhibitory effect, retarding the heart rate. This inhibitory 
effect is seen in the isolated heart or in the isolated atria after removal from the 
body, when the contractions of the heart or atria are maintained by perfusion 
with or immersion in some form of Ringer’s solution. The inhibitory effect is 
abolished by atropine. 

There is, however, another direct effect, described by Dixon (1924) in his 
article in Heffter’s Handbuch. Even in the absence of atropine, the inhibitory 
effect of nicotine is followed by an augmentor effect, the rate and force of the 
beat being increased. Dixon supposed that all effects of nicotine were due to 
ganglionic stimulation, and he believed that the augmentation must mean that 
sympathetic ganglia were also present within the tissues of the heart. Ana- 
tomically, the sympathetic ganglia giving rise to the accelerator nerves to the 
heart are the stellate ganglia, and these lie outside the heart at the head end of 
the thoracic sympathetic chain. There is in fact no evidence to support 
Dixon’s explanation. 


Acetylcholine Releases Epinephrine 


Light was thrown on this augmentor action of nicotine by the work of Hoff- 
man et al. (1945). Actually, the observations of these investigators were con- 
cerned almost entirely with the augmentor action of acetylcholine and not with 
that of nicotine, although they mention nicotine in their paper. As we have 
seen in the case of nicotine, these workers showed that acetylcholine also had 
two effects in the heart. The first was its inhibitory effect, which was abolished 
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by atropine. The second was an augmentor effect seen in the presence of 
atropine. This augmentor effect is, in all probability, identical with the aug- 
mentor effect of nicotine. 

The important contribution of these workers was that they showed that, 
when acetylcholine caused an augmentation of the rate and force of the beat 
of the isolated perfused heart, a substance was liberated in the perfusate leaving 
the heart that resembled epinephrine in its action. The perfusate, when tested 
on the frog’s heart, increased the force of contractions; when tested on the 
hen’s rectal cecum, it caused inhibition; when tested on the rabbit’s small 
intestine, it also caused inhibition. The perfusate coming from the heart when 
it was not stimulated by acetylcholine had none of these effects. It therefore 
appeared that the augmentor effect of acetylcholine was due to the release of a 
substance like epinephrine or norepinephrine from stores present in the heart. 


Nicotine on Atria 


Direct observations of the action of nicotine on atria from the rabbit’s heart 
suspended in a bath were obtained by Kottegoda (1953), who observed an 
initial inhibition followed by stimulation of rate and force of the contractions 
and studied the stimulation in the presence of atropine when the inhibition 
was excluded. Kottegoda showed that the augmentation did not occur in the 
presence of hexamethonium, a substance that blocks the action of nicotine on 
ganglia. This finding recalled Dixon’s idea that there might be sympathetic 
ganglia within the atrial tissue on which nicotine exerted its action. 


Stores of Norepinephrine 


Norepinephrine was shown to be present in the heart by Goodall (1951), 
together with much smaller amounts of epinephrine. That is to say, when the 
heart was extracted, norepinephrine could be found in the extract. 

In 1953 the properties of the alkaloid reserpine were described, and the first 
investigations were directed chiefly to its effects on the brain. The important 
observation was made by Holzbauer and Vogt (1956) that, when reserpine was 
administered to cats, the amount of norepinephrine present in the brain, par- 
ticularly in the hypothalamus, was greatly reduced. Then a paper was pub- 
lished by Bertler e¢ al. (1956) showing that, when reserpine was given by 
intravenous injection to a rabbit, the norepinephrine present in the heart also 
was greatly reduced. The authors found in the hearts of normal rabbits a 
mean amount of norepinephrine equivalent to 1.57 wg./gm. In the hearts of 
rabbits excised 16 hours after treatment with reserpine, the mean amount was 


0.03 wg./gm. 
Nicotine on Atria from Reserpine-Treated Rabbits 


We were interested, therefore, to test the effect of nicotine on the atria freed 
from norepinephrine by the action of reserpine. We found that, in the presence 
of atropine, nicotine had no action of any kind on the rate or on the force of the 
beat. This finding made it certain that the augmenting action of nicotine was 
due to the release of norepinephrine from the stores in the heart (Burn and 


Rand, 1958). 
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When making these observations, we observed that there was a difference 
between the rate of contraction of the atria taken from normal rabbits and the 
rate of those from rabbits treated with reserpine. Whereas in a bath at 30° C. 
the atria from normal rabbits contracted at 146/min., the atria from those 
treated with reserpine contracted at 112/min. These were the mean figures 
for groups of 10 atria. The difference was highly significant (P = 0.001), as 
there was little overlap between the groups (TABLE 1). The difference sug- 
gested that in normal animals there was a small discharge from the store of 
norepinephrine that increased the activity of the pacemaker. 

Presumably, the same situation exists in the human heart. The extent of 
the discharge of norepinephrine from the store is likely to vary in different 
subjects and may account for the difference in the rate of the pacemaker in 
these subjects. 


TABLE 1 
SPONTANEOUS RATE OF DIFFERENT ATRIAL PREPARATIONS AT 30° C. (BEATS PER MINUTE) 


Controls Atria from rabbits treated with reserpine 
132 128 
132 136 
164 116 
168 112 
170 100 
144 92 
136 104 
152 108 
168 138 

100 
104 
Mean 146 112 


U plake of Norepinephrine by Atria 


When the effect of nicotine on normal atria has been observed, using a 
moderate concentration (this would be 2 X 10-® gm./ml. nicotine base, or 6 
ug./ ml. nicotine acid tartrate), the effect of nicotine can be increased by add- 
ing norepinephrine to the bath in a concentration of 1 ug./ml. and leaving it for 
30 min. If at the end of this time the norepinephrine is washed out and the 
bath fluid is changed a second time, the addition of the same concentration of 
nicotine causes a greater increase in rate than before. This indicates that 
norepinephrine is taken up by the atria from the fluid in the bath. A similar 
ee was made by Gillespie and Mackenna (1959) on the isolated rabbit 
colon. 


Effect of Smoking on Heart Rate 


These observations indicate that the effect of smoking in increasing the 
heart rate is not due to stimulation of the stellate ganglia, although that may 
contribute, but to the release of norepinephrine from the store in the heart. 
Repeated smoking may therefore be expected to produce tachycardia in sensi- 
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tive subjects, and to precipitate those arrhythmias that are aggravated by 
norepinephrine. 


Location of the Store 


The location of the store is still uncertain, but Goodall (1951) showed that, 
after removing the stellate ganglia in sheep and allowing time for degeneration, 
_the amount of norepinephrine that could be extracted from the heart was then 
very small. This indicated that the store was near the terminations of the 
sympathetic fibers. 

Much earlier, Kohn (1903) described the presence of chromaffin cells, which 
contain epinephrine, in sympathetic ganglia and sympathetic trunks. These 
. he called paraganglia, because embryologically they had the same origin as the 
sympathetic ganglia. Later, Wiesel (1906) described chromaffin tissue in the 
human heart, locating what he called the paraganglion cardiacum near the 
origin of the left coronary artery. Trinci (1907) showed that chromaffin tissue 
was present in the hearts of guinea pigs and cats. Still later Busacchi (1912) 
described chromaffin tissue in the human heart in the neighborhood of both 
coronary arteries, especially the left. 

Thus it is clear that nicotine may liberate norepinephrine or epinephrine 
from chromaffin tissue in the heart, and in this way produce acceleration. 

Such an explanation seems more likely than one stating that there are sym- 
pathetic ganglion cells, but it is an explanation that is only provisional. 
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THE EFFECT OF NICOTINE AND SMOKING ON THE 
SECRETION OF EPINEPHRINE* 


Daniel T. Watts 
Department of Pharmacology, West Virginia University M. edical Center, Morgantown, W. Va. 


As early as 1912 Dale and Laidlaw! found that the pressor response of the 
cat to nicotine was due at least partially to the liberation of epinephrine by the 
adrenal glands. Van Slyke and Larson? have shown that the pressor response 
to nicotine in dogs is greatly reduced following adrenalectomy. They indicate 
that release of epinephrine from the adrenal medulla is an important factor in 
this pressor response to epinephrine. More recently, with the development of 
fluorimetric and bioassay methods for the quantitative estimation of epineph- 
rine and norepinephrine, the liberation of these substances into the adrenal 
vein blood has been observed following the administration of nicotine. De 
Schaepdryver® has shown that the administration of 0.1 mg./kg. nicotine in- 
creased the norepinephrine secretion of the adrenal gland of dogs from a control 
output of 7 ng.t/kg./min. to 555 ng./kg./min. The epinephrine output was 
increased from 12 to 1327 ng./kg./min. The epinephrine represented 63 per 
cent of the total catechols before nicotine and 71 per cent following administra- 
tion of the compound. Other investigators*:> have observed comparable 
increases in the release of epinephrine from the adrenal glands of dogs following 
the intravenous administration of nicotine, epinephrine accounting for 80 to 
90 per cent of the catecholamines of the adrenal vein blood. 


Peripheral Blood Epinephrine Levels in Dogs After the 
Intravencus Administration of Nicotine 


The investigations cited above have shown that intravenous nicotine in- 
creases the secretion of epinephrine by the adrenal glands, but no studies have 
been made on the epinephrine concentration actually reaching the peripheral 
tissues. In the present study, peripheral arterial blood epinephrine levels 
have been estimated following the intravenous administration of increasing 
doses of nicotine sulfate to dogs. The blood epinephrine concentration fol- 
lowing nicotinic stimulation has been correlated to the pressor response in 
order to establish more clearly the role of circulating epinephrine in this hyper- 
tensive episode. 

Eleven dogs were anesthetized with 30 mg./kg. pentobarbital sodium given 
intravenously. Blood pressure from the femoral artery and respiration were 
recorded by conventional methods. Blood samples were obtained in poly- 
ethylene tubes from the opposite femoral artery by means of an indwelling 
catheter. Blood samples were assayed immediately for epinephrine using the 
bioassay method of Gaddum and Lembeck* as modified by Franko et al.7. One 
ml. of whole blood was added to an automatically stimulated strip of rat uterus 

* The work described in this article was supported in part by Research Grant H-1684 


from the National Heart Institute of the Public Health Service, Bethesda, Md., and by Re- 


search Grant G-55-69 from the Life Insurance Medical Research Fund, New Y 
Parts of this material have been published previously.!7+18 und, New York, N.Y. 
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in a 3.0 ml. chamber. The method is sensitive to epinephrine concentrations 
as low as 1 ug./I., but will not detect epinephrine in the peripheral circulation 
under normal conditions. However it can be used to rapidly estimate blood 
epinephrine levels under conditions of stress, including the intravenous admin- 
istration of nicotine. 

Increasing doses of nicotine, ranging from 0.02 to 0.60 mg./kg., were given 
at 30- to 60-min. intervals to allow time for recovery between doses. The 2.0 
and 4.0 mg./kg. doses were never repeated in the same dog. Control blood 
samples were obtained before injecting the nicotine. During the hypertensive 
episode following nicotine, samples were usually obtained during the rapid rise 
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Ficure 1. Kymograph record showing the hypertensive episode and femoral arterial 
blood epinephrine concentration, following the intravenous injection of 0.1 mg./kg. nicotine 
sulfate in a 17.2 kg. male dog. Blood epinephrine values are in ug./]. as the base in samples 
obtained at the points indicated by the arrows. 


in pressure, at the time of maximum blood pressure, as the pressure fell, and 
after the pressure had returned to control levels (FIGURE 1). Epinephrine 
standards and whole blood samples were alternately tested on the uterine strip, 
and the inhibition by each was determined. Since the inhibition of the rat 
uterus is proportional to the log of the concentration of epinephrine,® the 
amount of epinephrine in the blood could then be calculated as epinephrine 
equivalent. No correction was made for norepinephrine. However, since 
norepinephrine ‘is only about 14 90 as effective as epinephrine on the rat mterds, 
and since not more than 10 to 20 per cent norepinephrine could be present, 
error due to this material would be negligible. 
Figure 1 shows the blood epinephrine levels at several points during the 
hypertensive episode after the administration of 0.1 mg./kg. of nicotine. The 
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control value was less than 1 yg./l.; the greatest concentration of 64 ug./l. was 
found during the ascending arm of the pressor response. The epinephrine 
concentration was slightly lower at the time of maximum pressure and had 
dropped to an undetectable concentration by the time blood pressure had re- 
turned to normal. Examination of many records indicated the maximum 
blood epinephrine level in femoral arterial blood occurred sometime during 
the ascending arm of the pressor response to nicotine. FicuRE 2 shows the 
blood epinephrine concentration during a similar pressor response following 
the intravenous administration of 0.1 mg./kg. epinephrine. There is a definite 
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Ficure 2. Kymograph record showing the hypertensive episode and femoral arterial 
blood epinephrine concentration following the intravenous injection of 0.1 mg./kg. L-epi- 
nephrine as the base in a 9.1 kg. female dog. Blood epinephrine values are in yug./I. as the 
base in samples obtained at the points indicated by the arrows. 


similarity in the pressor response and the blood epinephrine levels following 
the intravenous administration of nicotine and epinephrine. 

TABLE 1 shows the maximum blood epinephrine levels observed after the 
intravenous administration of increasing doses of nicotine. The maximum 
levels observed are about the same over a range of 0.05 to 0.60 mg./kg. nicotine. 
At a dose of 2.0 mg./kg. nicotine the blood epinephrine is definitely lower than 
at 0.1 mg./kg. nicotine. A ganglionic-blocking dose of 4.0 mg./kg. did not 
elevate the blood pressure, and there was no detectable epinephrine in the 
peripheral circulation. The wide range in maximum blood epinephrine levels 
observed at each dose of nicotine is partially due to the difficulty in obtaining 
blood samples at precisely the time of maximum response to the intravenously 
administered nicotine. 

TABLE 2 shows arterial blood epinephrine levels during hemorrhagic shock 
and after administration of drugs known to stimulate the adrenal medulla. 


iF Ost 


Watts: Effect of Nicotine on Epinephrine fd 


These data indicate that nicotine is one of the most effective compounds for 
Teleasing epinephrine from the adrenal glands. In fact, nicotine produces the 
highest blood epinephrine level obtained by any procedure, except by the 
intravenous administration of epinephrine itself. 

FIGURE 3 shows there is a definite relationship between epinephrine concen- 
tration in peripheral arterial blood reaching the tissues and the pressor response 
following the intravenous administration of nicotine over a wide range of doses. 
Again it is interesting to note that a 4.0-mg./kg. dose of nicotine, which does 
not elevate the blood pressure, does not produce a detectable increase in blood 


TABLE 1 


Erect OF INCREASING Doses oF NICOTINE ON BLoop EPINEPHRINE CONCENTRATION AND 
BLoop PRESSURE OF THE Doc 


Dose of nicotine sulfate—mg./kg. I.V. 


Control 
0.02 | 0.05 | 0.07 | 0.10 | 0.20 | 0.60 2.0 4.0 
Blood epi.—yg./l. <1 11 27 23 37 30 Sif 18 it! 
Blood epi.—yg./l. (range) 5-36 | 4-40 | 20-26/22-112] 16-46] 26-68] 10-34 
Number of determina- 
tions 10 9 3 2 10 B i 3 4 
B.P. increase—mm. Hg 0 41 Py | ali 96 120 | 124 | 114 3 


TABLE 2 


EPINEPHRINE LEVELS IN PERIPHERAL ARTERIAL BLOoop or Docs UNDER 
VARIOUS CONDITIONS OF STRESS 


Blood epinephrine Number of 


Experimental condition ug./l. as the base | determinations 

Nicotine sulfate 0.1 mg./kg. 37 10 
Hemorrhagic shock, bled to pressure of 40 mm. Hg 29 9 
Histamine, 0.6 mg./kg. I.V., blood samples at maximum 

hypotensive effect 26 4 
Epinephrine, single dose of 0.005 mg./kg. ; 37 12 
Epinephrine, constant infusion of 0.005 mg./kg./min. 75 8 
Acetylcholine, 0.025 mg./kg. I.V., blood samples at max- : i 


imum hypotensive effect 


epinephrine. Previous work has shown that the hypertensive episode following 
the intravenous administration of nicotine is due to the stimulation of the 
_yasomotor center, autonomic ganglia,’ and the adrenal medulla.? The present 
experiments definitely show that this last component, the stimulation of the 
adrenal medulla and the appearance of massive quantities of epinephrine in 
the peripheral circulation, is one of the most important factors in producing 
this hypertensive episode. ir! 

Most early investigations, including those of Cannon® indicated that the 
epinephrine content of peripheral blood, especially during quiescence, was too 
low to be estimated. With the advent of improved bioassay and fluorimetric 
methods during the last decade, many studies on the catecholamine content of 
peripheral blood have been reported. The values are variable, but most 
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studies show the epinephrine content is less than 1 yg./I., and the norepineph- 
rine values are usually in the range of 1 to 4ug./l.!° Ina carefully controlled 
study, Holzbauer and Vogt” found the epinephrine content of peripheral dog 
plasma to be in the range of 0.04 to 0.25 ug./l. Our studies support these con- 
clusions. Many of the rat uteri used for bioassay would detect epinephrine 
in the range of 1 yg./l.; yet we seldom, if ever, detected any epinephrine in 
control blood samples. However, following the intravenous administration of 
0.1 mg./kg. of nicotine sulfate or epinephrine, easily detectable quantities of 
epinephrine appeared in the peripheral arterial blood. These samples were 
usually bioassayed at a dilution of 1:3, but in some cases dilutions of 1:10 or 
1:20 were required for assay because the lower dilutions completely inhibited 
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_Ficure 3. The relationship between the pressor response and maximum arterial blood 
epinephrine concentration, following the intravenous administration of nicotine sulfate in 
pe oon Reproduced by permission from Archives internationales de pharmacodynamie et de 

érapte. 


the uterine strips. When epinephrine was added to shed blood in concentra- 
tions of 20 to 80 yg./l., recovery was in the range of 93 to 99 per cent. 


Smoking and the Urinary Excretion of Catecholamines in Man 


The 3 to 4 mg. of nicotine absorbed while smoking a cigarette produces 
sympathomimetic effects in man, including a lowered skin temperature, in- 
creased pulse rate, elevated blood pressure, and increased metabolic rate! 
Experiments on dogs have shown that intravenous nicotine readily mobilizes 
the epinephrine of the adrenal medulla, but the bioassay method used for the 
estimation of epinephrine was not believed to be sufficiently sensitive or prac- 
tical for estimating material in peripheral blood following the milder sympa- 
thetic stimulation obtained during smoking. Euler and Zetterstrom™ have 
found that epinephrine and norepinephrine are excreted to the extent of 2.3 
and 3.8 per cent respectively after they were given subcutaneously in man. 
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Thus if the secretion of epinephrine by the adrenal medulla is a significant 
factor in producing the sympathomimetic effects that occur during smoking, 
there should be an increased excretion of these catecholamines while smoking. 
The urinary excretion of epinephrine and norepinephrine was determined in 

a group of young, adult males during a 2-hour period in which they refrained 
from smoking followed by a 2-hour period of heavy smoking. The 2-hour 
- urine samples were collected at the end of each period, acidified, the catechol- 
amines adsorbed on aluminum oxide, eluted, and estimated by the fluorometric 
procedure of Euler and Floding.!® Epinephrine and norepinephrine were 
oxidized to their respective adrenochromes with potassium ferricyanide, and 

TABLE 3 


: SMOKING AND CATECHOLAMINE OUTPUT IN 11 SUBJECTS 
Fluorometric Method 


Epinephrine, ng./min. Norepinephrine, ng./min. iene 


rettes/2 
hr. 


Control Smoking Diff. Control Smoking Diff. 


Mean + S.E. 8.2 + 1.4 | 10.1 4+ 1.6 |4+1.9+0.43} 31.8 + 3.3 | 29.8 + 2.6|/—2.041.5 6.4 
P = 0.001 P = 0.22 


1 
All values are given with ng./min. as the base (1 ng. = 0.001 yg.). Reprinted by permission from the Journa 
of Applied Physiology.8 
TABLE 4 


EFFECT OF SMOKING ON CATECHOLAMINE OuTPUT IN NINE SMOKERS 
ESTIMATED BY BIOASSAY AND BY FLUOROMETRY 


Epinephrine, ng./min. Norepinephrine, ng./min. 


Ciga- 
Bioassay Fluorometry Fluorometry rettes 


Control |Smoking Diff. Control |Smoking Diff.} Control Isinokine Diff. 


8} 36.3 1.3 4.6 

Mean + S.E. | 7.8 + 1.5] 11.4 Sill 10.3 + 2.0} 15.7 S.4) 135, Oa) 2. 

c= PY) is 0.96 2.8 ag 1.4 42.3 ul Se2)2 
P = 0.001 P = 0.005 P = 0.6 


All values are given with ng./min. as the base (1 ng. = 0.001 wg.). Reprinted by permission from the Jounal 
of Applied Physiology.8 
the fluorescence read against freshly prepared standards on the Beckman DU 
Spectrophotometer, equipped with photomultiplier and fluorescence attach- 
‘ments. ‘Tests for the significance of the data were made by Fisher’s!® method 
for small samples. 

TABLE 3 shows the catecholamine output in 11 smokers during a 2-hour 
control period followed by 2 hours of heavy smoking. The increase in epineph- 
rine output was small, but consistent and significant. The output of nor- 
epinephrine was more variable and showed a mean decrease Of 2.0" te41.5 
ng./min., which was not significant. Although the fluorometric method used 
for these determinations is considered the most specific of these procedures, 
the rather small increase in epinephrine observed during smoking made it 
advisable to repeat the above experiment, estimating the epinephrine by both 
bioassay, using the rat uterus, and by fluorometry. TABLE 4 shows the results 
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obtained in a second group of 9 students when assays were done by the two 
procedures on aliquots of the urine eluates. When determined by bioassay, 
the mean increase in epinephrine excretion was 3.7 + 0.9 ng./min.; by the 
fluorometric procedure, the increase was 5.5 + 1.4 ng./min. The increases 
by both methods are statistically significant. The norepinephrine output, 
estimated by fluorometry only, showed a slight increase in this series, which 
was not significant. The epinephrine values obtained by the fluorometric 
method are higher than those obtained by bioassay. This is in agreement with 
most similar studies and probably can be attributed to the fact that some 
biologically inactive oxidation products of the catecholamines do fluoresce. 

In these two series of experiments, in which individuals who normally smoke 
served as their own controls, there was a significant increase in the urinary 
excretion of epinephrine during heavy smoking. The increases of 1.9 and 5.4 
ng./min. while smoking represent 22 and 52 per cent, respectively, over the 
control level. The physiological significance of this increase cannot be accu- 
rately assessed, but the magnitude is in keeping with other sympathomimetic 
effects known to occur while smoking. Thus the stimulation of the adrenal 
medulla and the release of epinephrine undoubtedly contributes to the various 
sympathomimetic effects observed while smoking. 
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Part III. The Influence of Nicotine and Smoking on the Peripheral Cir- 
culation 


THE ACTION OF NICOTINE ON THE 
PERIPHERAL CIRCULATION 


J. Harold Burn 
Balliol College, University of Oxford, Oxford, England 


Nicotine has long been known to cause a rise of blood pressure, but this ac- 
tion has been generally believed to be due to the stimulation of sympathetic 
ganglia with consequent discharge of impulses along postganglionic fibers, and 
also to the stimulation of the adrenal medulla, with consequent discharge of 
epinephrine. Nicotine has, however, a peripheral constrictor action that was 
described in the vessels of the frog by Handovsky and Pick (1913). This 
action, like the accelerator action of nicotine on the heart, is shared by acetyl- 
choline. 

In the ordinary way acetylcholine is a vasodilator substance, as Dale ( 1914) 
showed by testing its action in the vessels of the rabbit ear, but after some hours 
of perfusion acetylcholine causes constriction (Burn and Robinson, 1951). 
Kottegoda (1953) studied the constrictor actions of both nicotine and acetyl- 
choline in rabbit ear vessels. He showed that the dilator action of ace- 
tylcholine was promptly converted to a constrictor action by atropine and 
that, in the presence of hexamethonium, both nicotine and acetylcholine lost 
their constrictor effect. Kottegoda also made two other significant observa- 
tions. He showed that in the presence of tolazoline (Priscoline*), which 
converts the constrictor action of epinephrine in the rabbit ear vessels to a 
dilator action, the constrictor action of nicotine and the constrictor action of 
acetylcholine were also converted to dilator actions. This suggested that 
nicotine caused constriction by liberating epinephrine or norepinephrine from 
sites in or near the vessel wall. It further suggested that acetylcholine caused 
constriction in the same way. The other interesting observation made by 
_ Kottegoda was that the constrictor action of nicotine was observed only in the 

skin vessels of the rabbit ear and that, if he first removed the skin and perfused 
the network of vessels lying on the cartilage below, nicotine then had no con- 


strictor action. 
Action of Reserpine on Vessels 


The observation that the arteries and veins contain norepinephrine was made 
by Schmiterléw in 1948. My associates and I decided to determine what effect 
the administration of reserpine had upon the amount of norepinephrine present. 
For these experiments we used rabbits. First, we removed the thoracic aorta 
from a series of normal rabbits. We ground the tissue and made an extract, 
and tested the extract on the blood pressure of the rat. We found that the 
extract caused a rise of pressure like that caused by norepinephrine, and the 
mean amount present was approximately 0.5 ug./gm. When we took a series 


* CIBA Pharmaceutical Products, Inc., Summit, N. J. 
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of rabbits injected with 5 mg./kg. reserpine and sacrificed them 24 hours later, 
extracts made from the aortas of these rabbits contained only traces of nor- 
epinephrine too small to be measured accurately. We then perfused the ears 
of these rabbits and discovered that neither nicotine nor acetylcholine in the 
presence of atropine had any constrictor action. This suggested that the in- 
jection of reserpine had not only removed norepinephrine from the rabbit 
aorta, but had also removed it from structures in the rabbit’s ear. To dissect 
the vessels from the ear seemed too difficult, and therefore we decided to ex- 
tract the skin of the ear. We first did this in normal rabbits, and then in 
rabbits treated with reserpine. In the former we found about 0.1 ug./gm. 
and, in the latter, we found only traces. 

These results seemed to us to complete the evidence for the statement that 
the constrictor action of nicotine and of acetylcholine in the rabbit’s ear was 
due to the release of norepinephrine (Burn and Rand, 1958). 


Chromaffin Cells 


At first, we concluded that the norepinephrine released by nicotine was 
actually present in the vessel walls. There was, however, another possibility. 
Nordenstam and Adams-Ray (1957) described the occurrence of chromaffin 
cells in human skin. Chromaffin cells are cells that stain in a manner similar 
to the cells of the adrenal medulla. Now it is known that both nicotine and 
acetylcholine release epinephrine and norepinephrine from the cells of the 
adrenal medulla. We wondered whether it was possible that there were chro- 
maffin cells in the skin, and whether nicotine released norepinephrine from 
these cells. We therefore asked E. H. Leach, of the Department of Physiology 
in Oxford University, to stain some rabbit ears according to the methods de- 
scribed by Nordenstam and Adams-Ray. We gave Leach ears from normal 
rabbits and also ears from rabbits injected with reserpine, and we did not tell 
him which ears were which. However, he was able to distinguish the normal 
ears as containing chromaffin cells and to distinguish the ears from the rabbits 
injected with reserpine as not containing these cells, or only an occasional cell. 
His results, therefore, opened up the possibility that the site of the store from 
which nicotine released norepinephrine (or perhaps epinephrine) was the chro- 
maffin cells. 


The Pilomotor Action of Nicotine 


In order to obtain further evidence as to chromaffin cells, I refer to other 
observations made on the cat’s tail. It is well known that, when the sympa- 
thetic chain is stimulated, the hairs on the tail stand up. The erection of the 
hairs is caused by the arrectores pili, the muscles in the skin of the tail. Sym- 
pathetic impulses going to the muscles make the muscles contract. The process 
of erection of the hair can be studied by removing most of the hair from the 
tail with clippers, so that only a few tufts remain. Now it was observed by 
Coon and Rothman (1940) that nicotine, when injected into the skin at the 
base of a tuft, would cause erection of the tuft. Thus we now have three 
actions of nicotine that are peripheral actions and therefore cannot be gan- 
glionic actions, but nevertheless resemble the effect of sympathetic stimulation 
The first is acceleration of the heart, the second is constriction of the vessels 
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of the rabbit ear, and the third is erection of the hair of the cat’s tail. We 
have seen that both the heart and the skin of the rabbit ear contain norepineph- 
rine, which can be extracted. We therefore extracted the skin of the cat’s tail 
and found that it contained 0.35 ug./gm. norepinephrine. We then took cats 
treated with reserpine, and found that in them the amount of norepinephrine 
that could be extracted was greatly reduced (0.057 yg./ gm.); further, in such 
cats the action of nicotine in causing erection of the hair was very small. 

We have also seen that chromaffin cells have been found in the heart and in 
the skin of the rabbit ear. In the skin of the cat’s tail they are much more 
plentiful than in the skin of the rabbit’s ear, and Leach informed us that in the 
skin of the cat’s tail the chromaffin cells could be seen in the very middle of 
the, arrectores pili muscles themselves. These chromaffin cells disappeared 
when the cats were treated with reserpine. A fourth example of the same 
phenomenon is to be found in the nictitating membrane, which can be isolated 
together with its nerve and studied outside the body (Thompson, 1958). Here 
again is an organ with a sympathetic nerve supply that is free of ganglia and 
can be stimulated by nicotine. It contains chromaffin cells. If prepared from 
a cat that has been treated with reserpine, the membrane no longer can be 
stimulated to contract by nicotine, and it no longer contains chromaffin cells 

(Burn e¢ al., 1959). 

The accumulation of evidence from these four organs respecting the periph- 
eral action of nicotine strongly suggests that nicotine produces effects similar 
to sympathetic effects because it causes a discharge of norepinephrine and, 
perhaps, of epinephrine from chromaffin cells. However, it is impossible to 
say that this point is proved. 


Cholinergic Fibers 


Our results suggest that there may be a widespread system of chromaffin 
cells in close relation to the sympathetic nerves, or at least in close relation to 
some of them. We have studied the effect of stimulating sympathetic nerves 
in animals treated with reserpine, and we have found in all cases evidence that 
sympathetic nerves release acetylcholine. If this acetylcholine (which must 
be released in the normal animal as well as in the reserpine-treated animal) 
then acts on chromaffin cells and liberates norepinephrine, we have a second 
form of adrenergic mechanism to take its place side by side with the classic 
adrenergic neuron. In this new form of adrenergic mechanism a cholinergic 
fiber may innervate a cell which is a chromaffin cell, in a manner similar to that 
in which the splanchnic fibers innervate the adrenal medulla (Burn and Rand, 


1959). 
Action of Nicotine on the Blood Vessels 


Whatever truth there is in these suggestions, we have clear evidence that in 
vessels such as those of the rabbit ear, the action of nicotine depends on the 
discharge of norepinephrine from a store near to or in the vessel walls. It 
seems to be this action that is responsible for the sharp fall of skin temperature 
caused by smoking cigarettes. Probably it is this action of nicotine that ex- 
plains the exacerbation of conditions such as thrombo-angiitis obliterans. It 
is an action suggesting that peripheral disease, such as Raynaud’s disease and 
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Buerger’s disease, would benefit from the continued use of daily doses of reser- 
pine, although these should certainly be very small because of the risk of 
causing mental depression. 


Action of Nicotine in the Brain 


I conclude this paper by pointing out what seems to be a corollary of the 
matters I have discussed. We have seen that nicotine liberates norepinephrine 
from stores in the heart and in the vessel walls. Vogt (1954) has mapped out 
the distribution of norepinephrine in the brain, finding large amounts in the 
hypothalamus. Holzbauer and Vogt (1956) have shown that when animals 
are treated with reserpine the norepinephrine diminishes greatly in quantity, 
and we know that the animals then become depressed. Hence there is some 
reason to think that the norepinephrine plays a part in the brain, contributing 
somehow to maintaining a normal lively mood. This is particularly empha- 
sized by the observation that the administration of the amino acid dopa (dihy- 
droxyphenylalanine), which is a precursor of norepinephrine, arouses mice from 
their depression when they have been treated with reserpine (Carlsson e¢ al. 
1957). 

It seems to me extremely likely that the pleasure of smoking is derived in 
part from the release of norepinephrine from its store in the brain by nicotine, 
the release giving an increased feeling of cheerfulness and a sense of relief from 
fatigue. 
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THE ACUTE EFFECT OF CIGARETTE SMOKING ON THE 
DIGITAL CIRCULATION IN HEALTH AND DISEASE* 


Jack Freund and Claire Ward 
Department of Pharmacology and M edicine, Medical College of Virginia, Richmond, Va. 


The acute effects of cigarette smoking on the peripheral circulation have 
been of interest since the early studies of Bruce ef al.' in 1909. In the inter- 
vening years methods used to measure the effect have included plethysmog- 
raphy, skin temperature and calorimetry, direct observation of capillary circu- 
lation, thermal conductance, and the use of radioactive isotopes. Although 
these procedures are of necessity indirect and all have merits and limitations,? 
the data they furnish are indicative of blood flow by reflecting a change in the 
quality and quantity of tissue being measured. 

In the studies reported here, it was expected that reliable data could be ob- 
tained by properly framing the question of nature’ as follows: What are the 
acute changes occurring in the digits following cigarette smoking in health and 
in advanced peripheral vascular disease? 

Several methods were employed to answer this question. These included 
plethysmography, skin temperature determinations, and skin clearance of 
radiosodium. It was anticipated that the findings would be complementary 
and, thus, would broaden the scope of the study. Determinations of arterial 
and venous oxygen saturation and lactic acid were added to these techniques 
to ascertain the role, if any, of shunts during smoking. To insure further a 
valid inference and reduce the effect of individual variation in digital response, 
all results were subjected to statistical analyses. 


MATERIALS AND METHODS 
Subjects 


All subjects were habitual smokers. Thirty-three studies were performed 
on 15 healthy male penitentiary inmates all below 35 years of age, and 26 
studies on 14 patients with peripheral vascular disease. The average age of 
the latter patients was 65. Arteriosclerosis obliterans was present in 12 pa- 
tients and Raynaud’s phenomenon and Buerger’s disease in each of the re- 

“maining two. These were all individuals with advanced disease, as evidenced 
by absent foot pulses and atrophic digital skin changes. 


Methods 


Skin temperature. All studies were performed in a room where the tempera- 
ture was maintained at 25° C. 1° and the humidity at 40 per cent. Skin 
temperature was recorded on a Brown potentiometer throughout the experi- 
ment. This instrument is a constantly recording instrument with a high-gain 
amplifier resulting in an over-all sensitivity of +0.25° C. Skin temperatures 
were measured by a Constantan-copper thermocouple imbedded in a plastic 
rod attached to a spring device’ that maintained a constant pressure at the 
skin contact. 

* The studies described in this article were supported in part by a grant from the Tobacco 
Industry Research Committee, New York, N. Y. 
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Plethysmography. The electronic pneumoplethysmograph described by 
Winsor® was used to determine volume changes in fingers and toes. Its maxi- 
mum sensitivity is a 50-mm. movement of the stylus for a S-cu. mm. volume 
change in the pneumatic system. For recording, this instrument was connected 
to the DC amplifier of a Sanborn Direct Writing Electrocardiograph. The 
Sanborn was modified to record at 2.5 mm. and 25.0 mm./sec. To obtain 
prompt venous occlusion for the cup around the finger (or ankle, for the toe), 
pressure gauges in series were attached to a compressed air tank enabling a 
60-mm. Hg pressure to be instantaneously delivered to the occluding cuff. 
Plastic finger cups were attached to the plethysmograph by a 7-foot plastic 
tube with a 1-mm. lumen. The volume of each cup was 14 cc. 

Radioactive sodium-24 for clearance from the skin. The instruments used to 
determine skin clearance were the nuclear D-S scintillation counter and count- 
rate meter, and the Esterline-Angus recorder. 

Biochemical determinations. Lactic acid.*7 Oxygen saturations were de- 
termined by the Beckman spectrophotometric method. 


Protocol 


The subjects were brought to the constant temperature room at the Medical 
College of Virginia at 8:30 a.m. All were instructed not to smoke for at least 
12 hours prior to the experiment and were in the fasting state. The procedures 
were carefully explained to allay any apprehension. The subjects then dressed 
in pajamas with short sleeve tops and bottoms, arranged so that there was 
easy access to the femoral artery. Four cc. of finger and toe tissue were meas- 
ured by the displacement of merthiolate in a calibrated vial. An area over 
the femoral artery opposite that of the toe being studied was shaven. 

Under aseptic technique and after skin infiltration with Procaine, a Cournand 
needle was placed in the femoral artery opposite the toe studied. Plethysmo- 
graphic cups were placed on a toe and finger and were sealed with calking com- 
pound. An indwelling Reilly needle was placed in a dorsal vein of the hand 
or foot draining the digits to be studied. 

A thermocouple placed in contact with the dorsal aspect of the digits recorded 
skin temperatures throughout the remainder of the experiment. 

After the calking compound was rechecked, control plethysmographic rec- 
ords were made of a finger and toe in normal subjects, and of toes alone in 
patients with disease, at speeds of 2.5 mm. and 25.0 mm./sec. (five determina- 
tions at each speed were performed). 

Control studies were performed to measure the clearance of 0.05 cc. of so- 
dium-24 (or sodium-22) injected intracutaneously at the dorsal aspect of the 
distal phalanx of an adjacent finger or toe. Finally, a 10-cc. blood sample was 
taken from the femoral artery or foot veins as a control observation. 

Studies of sham smoking were performed only in the normal subjects after 
control procedures. During sham smoking, the subject was advised to puff 
on an unlit filter-tip cigarette for 10 min. as if he were actually smoking. A 
filter-tip cigarette was used to avoid the subject’s contact with nicotine prior 
to actual smoking and yet produce the hyperventilation effects associated 
with smoking. 


After all controls and sham procedures, the subjects were allowed to return 
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to a basal state (15 to 30 min.). Each subject then smoked a filtered cigarette 
at his normal rate of smoking and was allowed two cigarettes in succession if 
he so desired. A protocol similar to the control procedures was then followed. 
Lactic acid determinations were performed as the bloods were drawn; or, if 
necessary, the protein-free filtrates were held over to the following day. Oxy- 
gen saturations were determined on the same day the blood was drawn. 


Technical Determinations 


Skin temperature. Since records were taken continually except for necessary 
readjustment of the thermocouple, the lowest reading per minute was used in 
control (presmoking), postsham, and postsmoking calculations. Because of 
the known variation in basal skin temperatures, the readings at 5 min. pre- 
sham and presmoking were taken as control values. 

Plethysmography. For finger plethysmography the occluding cuff was placed 
no farther than 2 cm. from the cup, and for toe plethysmography the venous 
occlusion cuff (an adapted blood pressure cuff) was applied at the ankle. Since 
it was noted that errors might result from venous congestion after more than 
five rapid occlusions of the finger or toe, only five readings at rapid speed were 
taken. 

Radiosodium clearance. Sodium-24 was used on test subjects first; later, 
determinations were made with sodium-22 on patients with peripheral vascular 
disease. The half life was utilized as an index of clearance (where the counts 
were reduced to one half the initial count). The radioactive sodium was in- 
jected intradermally and any excess material was lightly swabbed from the 
skin. Results were accepted only where the counts were more than twice 
that of the background activity. 

Biochemical determinations. All were done in duplicate. 

The Analysis of Variance was performed to estimate the proportion of vari- 
ation within and among individuals and the temporal variation in individuals. 


RESULTS 


Skin Temperature 


Normal subjects. It is readily apparent from FIGURE 1 that a significant 
decrease in postsmoking skin temperature was observed from 0 to 10 and 5 to 
10 min. This indicates a definite change, with predominant values occurring 
in 5 to 10 min. There was no significant change in skin temperatures after 
sham smoking. 
Patients with peripheral vascular disease. The results in these patients are 
plotted in F1GuRE 2. When the raw data were treated statistically, no signif- 


icant change was observed. 


Plethysmography 


Normal subjects. In 15 individuals (FIGURE 3); there was a significant de- 
crease in finger plethysmography values following sham smoking, and in toe 
plethysmography following smoking. These results could not readily be ex- 
plained and were, therefore, subjected to closer scrutiny. As seen in TABLE Is 
normal subject No. 13 on one day had a significant decrease in digital volume 
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SKIN TEMPERATURE 


POSTSHAM POSTSMOKING 
MINUTES POST 


Control Control 
0-5 
Postsham Postsmoking 
P=>0-2 P=>0-05 
Control ’ Control 
0-10 
Postsham Postsmoking 
P=>0-4 Ps<0-00l 
Control Control 
5-10: 
Postsham Postsmoking 
Pe>0-2 P= >0-02 
70 80 90 
cc 


Ficure 1. Skin temperature in normal subjects after sham and actual smoking. The 
most significant decrease in skin temperature occurred following actual smoking from 0 to 10 
and from 5 to 10 min. No significant change was noted after sham smoking. 


SKIN TEMPERATURE 
minutes A oe erin ee ae PVD 
postsmoking 


Control 
@ Fhe 
Postsmoking 
P= >0.8 
Control 
0-10 


Postsmoking 


P=>0.9 


75 79 83 87 9 
oF 


Ficure 2, Five and 10 min. after smoking, there was no significant decrease in digital 
temperature in patients with marked peripheral vascular disease. 
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rincer PEE THYSMOGRAPHY 
Control 
Postsham 


Postsmoking 


TO 


Control 


Postsham 


Postsmoking 


O 5 10 15 20 25 


CU. MM/4CC/SEC. 


Ficure 3. In 15 normal subjects there was a significant decrease in volume of the finger 
after sham smoking and in the toe after actual smoking. These values were for the group as a 


whole. 


TABLE 1 
VARIATION IN INDIVIDUALS IN FINGER PLETHYSMOGRAPHY 
Significance at 5 Per Cent Level 


Individual Trial Postsham Postsmoking 
b >0.05 <0.001 
5 c >0.9 >0.02 
c >0.001 >0.02 
6 d >0.2 >0.02 
b <0.001 <0.001 
7 d >0.1 >0.1 
a >0.01 >0.1 
13 b >0.05 <0.001 
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TABLE 2 
VARIATION IN INDIVIDUALS IN TOE PLETHYSMOGRAPHY 
Significance at 5 Per Cent Level 


Individual Trial : Postsham Postsmoking 

3 a >0.01 <0.001 
b >0.1 >0.01 

4 a >0.02 >02 
b >0.4 >0.02 

5 b >0.3 >0.7 
c >0.8 >0.05 

8 Cc >0.001 <0.001 
d >0.001 >0.01 


PLE THYSMOGRAPHY 


EXCLUDING FIRST TEST 
FINGER 


Control SS 


29 


Postsham oO ° e ° vO ° P=>0-00Il 


Postsmoking 


TO 


Control 


Postsham 


Postsmoking 


0 -) 10 15 20 25 
CU. MM./4CC/SEC. 


Ficure 4. When the values for the first test are excl 
uded from the normal 
whole, the postsham value for finger volume remained significant and the values fobtces tad 


were not significant. This indicates that apprehensi ts 
post-smoking toe results. ss on probably caused an alteration in the 
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following sham smoking and, during the next experiment, a significant decrease 
only after actual smoking. Similar variation occurred in toe plethysmography 
(TABLE 2) in other subjects. Because of the possible role of apprehension, 
the values for the first test were excluded. It was then noted that a signifi- 
cant reduction in values was observed in the finger only following sham smok- 


PLETHYSMOGRAPHY : TOE 
PVD 


Control 


Postsmoking 


cu.mm/4cc/sec. 


FicurE 5. There was no significant change in toe volume in patients with marked periph- 
eral vascular disease. 


PLE THYSMOGRAPHY : TOE 


EXCLUDING FIRST TEST 
XCL G PVD 


Control 
P=>0.4 


Postsmoking 


O 2 4 6 


cu. mm/4cc/sec. 


FicureE 6. In patients with marked peripheral vascular disease, exclusion of the first test 
did not alter the results of toe plethysmography. 


ing (FIGURE 4). These results led us to conclude that the day-to-day varia- 
tion in normals was too marked to permit a valid comparison. 

Patients with peripheral vascular disease. Since no statistically significant 
results were obtained following sham smoking in normals, this procedure was 
omitted. Studies in 11 patients were performed only in the involved digits: 
the toes. No significant change occurred following smoking (FIGURE 5) even 
when the first test was excluded (¥rIGuRE 6). 
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Thus in normals using plethysmography, the variation was so great that 
one could not predict from day to day the results following smoking. In in- 
dividuals with advanced peripheral vascular disease, there was no significant 
change for the group following smoking. 


Radioactive Sodium Skin Clearance 


Normal subjects. The results of radiosodium clearance from the skin of the 
digit are plotted in ricurRE 7. There was no significant increase in half-life 


SODIUM °* 


Control v9 e 000 , 

J ; 
Postsham 8 oe one P= >0-05 
Postsmoking 0g 000 © ¥ e P=>0:02 


fe) 5 10 15 20 
Clearance in minutes 


Ficure 7. In normal subjects, there was no significant decrease in Na** half life after sham 
smoking. A significant decrease occurred after smoking. 


SODIUM Ee 
para rans PVD 


= >0.05 
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Post- 
smoking 


fe) 5 10 Ke) 20 25 


Clearance in minutes 


Ficure 8. In patients with peripheral vascular di i 
clearance half-life values for all Satente after amaking mig ee ee ee 
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values (prolongation of clearance) after smoking, as compared to control de- 
termination. No significant changes were noted after sham smoking. 

Patients with peripheral vascular disease. The results in five patients can be 
seen in FIGURE 8. There was no change in the average clearance half-life values 
for all patients after smoking. In two individual patients with repeat tests, 
one test demonstrated a decrease after smoking and eight of ten tests showed 
an increase. For the group as a whole, however, the decrease was not signifi- 
cant. The probability of this difference was between 0.05 and 0.10, 


LACTIC ACID 


ARTERIAL 


Control 


Bio 
000 YOe@O O ° 
oo [e} 


Postsham P=>0-8 


Postsmoking P=>0°3 


VENOUS 
Control 


Postsham P=>0-2 


Postsmoking P=>0:05 


0 4 8 12 16 
MG.% 


FicurE 9. In normal subjects, there was no significant change in arterial or venous lactic 
‘acid values after smoking. 


It should be mentioned that skin clearance was performed on the fingers of 
normal subjects and on the toes of individuals with peripheral vascular disease. 
However, there was a prolonged radiosodium skin clearance after smoking in 
normal subjects, while there was no significant change in the toes of subjects 
with peripheral vascular disease. 


Biochemical Determinations 


Lactic acid. As may be seen in normals (FIGURE 9) and in patients with 
peripheral vascular disease (FIGURE 10), there was no statistically significant 
change in either arterial or venous lactic acid values following smnoking. This, 
of course, does not indicate that individuals did not have any decrease in lactic 
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acid values. Four of the five patients with peripheral vascular disease con- 
sistently had a decrease in lactic acid and venous blood on repeat tests after 
smoking. The fifth patient had an increase on both tests. For the group as 
a whole, however, the decrease was not significant and the probability was 
between 0.05 and 0.10. Furthermore, the changes in the postsmoking con- 
centration of lactic acid in arterial blood of patients with peripheral vascular 
disease followed no definite pattern. For instance, there was an increase in 
two patients, no change in one, and a decrease in two patients. Further, the 
lactic acid value in the group with disease increased in both tests of one patient, 


LACTIC ACID 


PVD 


ARTERIAL 
Control 
Postsmoking 

P= >0.4 


VENOUS 


Control 


Postsmoking 


P=>0.05 


fe) 4 8 l2 16 
MG.% 


FicurE 10. In patients with peripheral vascular di igni 
‘ ; its wi isease, there was n 
in arterial or venous lactic acid values after smoking. ama 


decreased in both tests of one patient, increased in one, and decreased in the 
other two patients. 

Oxygen saturation. As with the lactic acid determinations, after smoking 
there was no obvious pattern of change in the oxygen saturation of arterial 
blood. This lack of significance occurred in both normal subjects and patients 
with peripheral vascular disease, as seen in FIGURES 11 and 12. A significant 
decrease in venous oxygen saturation was seen only in normals. 

There were also individual changes in the oxygen saturation of arterial blood 
of patients with disease. For instance, of nine tests, four showed increases 
and five decreases. Two patients decreased in both tests, one patient increased 
in both tests, and one patient both increased and decreased. 
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A composite analytical summary of the results of all tests is presented in 
TABLE 3. In normal males, a significant reduction in digital skin temperature, 
radiosodium skin clearance, and venous oxygen saturation was observed after | 
cigarette smoking. The results in the entire normal group with plethysmog- 
raphy did show significant differences. However, the individual variability 
was so great that adequate prediction could not be made of future results using 
the same technique and the same individual. Although there was no significant 


OXYGEN SATURATION 


A-V DIFFERENCE 


———— 


. 


Control 

Postsham P= >0.2 

Postsmoking P= >0.02 
ARTERIAL 

Control 

Postsham P= >0.6 

Postsmoking P=>0.05 

rds 80 85 90 95 
(%) 


j igni hange in arterial oxygen satura- 
FicureE 11. In normal subjects, there was no significant chang t : 
tion and a significant change in venous oxygen saturation after smoking. (This may be 
indicative of a shunt mechanism.) 


change from control values in any of the parameters of measurement in the 
group of patients with peripheral vascular disease, this should not exclude the 
observations that there were changes in individuals when the results after 
smoking were compared to control values. It should be re-emphasized that 
the analysis was.applied to the group as a whole. 


DISCUSSION 


Since approximately one half the volume of the fingers is made up of skin 
and subcutaneous tissue,* changes in the various test values are a reflection of 
alterations in the caliber of cutaneous blood vessels. Our data indicate, at 
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least in normals, that cigarette smoking produces constriction of the arteries 
in the skin of the digit. Even though we made a definite attempt to allay 
apprehension, there was an element of digital response to the psychic stimulus 
of the procedure. This effect on plethysmography has been previously re- 


OXYGEN SATURATION 


PVD 
A-V DIFFERENCE eg 


Control 


Postsmoking 


ARTERIAL 
Control 


Postsmoking 


VENOUS P=>0.1 
Control 


Postsmoking 


40 50 60 70 80 90 
(%) 


FicureE 12. In patients with peripheral vasc i igni 
: 2 ular disease, there was 
in venous or arterial oxygen saturation after smoking. ; meno ee 


ported.°"" Thus, as noted in FicuREs 3 and 4, when one excludes the first 
test on plethysmography, there is a greater significance (0.001 as compared to 
0.01) after sham smoking and a change in significance after actual smoking 
from 0.02 to 0.05. The drop in cutaneous temperature that we observed was 
similar to the results obtained by Roth e¢ al.” 


It has been postulated by Goetz" that the peripheral constriction caused by 
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smoking results from two different mechanisms. The first is an immediate 
reflex action due to inhalation, and the second results from the pharmacological 
effect of nicotine. The results, with the exception of plethysmography, did 
not reveal any consistent change in the normals after puffing on an unlit ciga- 
rette (hyperventilation). This is essentially in agreement with the findings of 
Weatherby.* Although significant changes did occur in the group as a whole 
after sham smoking, as determined by plethysmography, they were extremely 
variable and the inconsistancies occurred on different experiment days. Our 
findings, therefore, are at variance with those of Mulinos and Shulman.!® From 
our results, we cannot agree that “deep breathing alone can account for the 
greater part of the decreased blood inflow rate, the loss of hand volume, and 
the, drop in skin temperature of the hand resulting from the inhalation of cig- 
arette smoke.” 


TABLE 3 
ComposITE CHART: POSTSMOKING 
Significance at 5 Per Cent Level 


Test Normals PVD 

Na*4 >0.02 
Na”? >0.05 
Lactic acid 

arterial >0.3 >0.4 

venous ; >0.05 >0.05 
Oxygen saturation 

arterial >0.05 >0.5 

AV difference >0.02 >0.1 
Skin temperature 

0-S min. post >0.05 >0.8 

0-10 min. post <0.001 >0.9 
Plethysmography—toe 

all tests >0.02 >0.6 

excluding first test >0.05 >0.4 


It is generally agreed that the widespread complex pharmacological effects 
following smoking are due to nicotine. Recent studies by Burn et al.° have 
indicated that the peripheral effects of nicotine are produced by the liberation 
of noradrenalin from a peripheral store. It is no wonder, then, that changes 
in digital circulation are actually so complex; they are an end result of many 
central and peripheral factors. Our results in normal habitual male smokers 
in general agree with those of Weatherby, Moyer and Maddock,” and Stew- 
art ef al.'8 A decrease in venous oxygen saturation in normals was presumably 
a result of the vasoconstriction. 

Our results of radioactive sodium clearance in normal subjects reflected a 
decrease in local blood flow after smoking. Friedell,!® using radioactive iodi- 
nated albumen as an indicator of volumetric change in the extremity, found a 
sex difference in sensitivity to tobacco smoke. Since there was only one woman 
in our series, sex differences could not be compared. It is of interest that in 
the subjects over 35 years of age Friedell did not find any significant vasoal- 
terative effects after smoking. These findings are similar to our results where 
there was decreased tissue reactivity in older patients. 
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The effect of the rate of smoking, as described by Shepherd,” and of sham 
smoking in normals did not appear to be a significant factor in our studies. 
In retrospect, this might have been more carefully controlled. However, the 


PLE THYSMOGRAPHY 


CU. MM/4CC/SEC. 
FINGER TOE 
SLOW 
Control 19.5 | 
el 
aatsit 
Postsham 15.5 I} E 


Postsmoking 12.5 


Ficure 13. Individual plethysmographic tracings i j i 
plants oop one sane ysmograp gs in normal subjects, demonstrating 


rate of smoking was timed in a number of individuals who were unaware of 
our observation. As an example, one normal subject puffed four times a min- 
ute during both sham smoking and actual smoking; another subject puffed 
five times a minute during sham smoking, and only four times a minute during 
actual smoking. 
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There was an absence of foot pulses and atrophic skin changes in the digits 
of all 12 patients with arteriosclerosis obliterans. Admittedly, the degree of 
ischemia in these individuals varied, but we feel that the group was as homo- 
geneous as could be obtained under the circumstances. 

Stewart et al."* demonstrated that the effects of smoking are quantitatively 
less in older age groups. The lack of response in our patients indicates a lessen- 
Ing reactivity of tissue in older patients with advanced superimposed disease. 
The failure of shunts in the ischemic limb?! to operate in our patients may be 
attributed to nicotine-induced sympathetic stimulation. ‘This then suggests 
that a peripheral sympathomimetic action was present. However, the de- 
gree of this effect was not sufficiently prominent to produce vasoconstriction 
that was statistically significant for the group as a whole. 


PULSE-WAVE ANALYSIS 


FINGER Rate Height Area 
beats/min. mm. sq. in. 
Control 74 4 7 
Postsham 75 2.5 4 
96 2.5 3 


Postsmoking = 


6d 
Ficure 14, Tracings of digital pulse waves in normal subjects taken during plethys- 
mography at rapid speeds. These show an increase in pulse rates after smoking and a de- 
crease in height and area of each wave after sham and actual smoking. 


Although results with plethysmography were variable in normals and in 

patients with disease, typical responses in some individuals were observed, as 
-shown in FIGURE 13. The increase in pulse rate observed on pulse-wave anal- 
ysis of finger plethysmography (FIGURE 14) is in general agreement with most 
_ observers. 

In our studies, the skin temperature 5 min. prior to smoking and sham smok- 
ing was compared to postsmoking and postsham values, each patient and sub- 
ject acting as his own control. In general, there is agreement” that the drop 
in skin temperature was of relatively short duration. 

Our results should not be interpreted to mean that smoking is permissible 
in patients with peripheral vascular disease. A minimal reduction in blood 
flow in patients with ischemic limbs may produce a further reduction in tissue 
nutrition, and thus may be another case of the proverbial straw on the camel’s 

‘back. We assume that in patients with moderate involvement the digital 
responses would approach those observed in our normal subjects. 
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In general, we have found changes in our parameters of measurement indi- 
cating digital vasoconstriction of short duration in normal subjects. In our 
experience, hyperventilation during smoking did not appreciably affect the test 
results. It should be noted that these results were obtained after sham smok- 
ing and not during the period of hyperventilation. The variability of findings 
with plethysmography from day to day indicated the extreme sensitivity of 
this type of measurement and multiple factors involved in this procedure. The 
findings in patients with advanced disease in the old-age group suggests a de- 
creased reactivity of tissue. However, a sufficient degree of sympathetic 
stimulation was apparently present to prevent the shuntlike mechanisms from 
functioning. 


SUMMARY AND CONCLUSIONS 


(1) Multitechnical procedures were performed on the digits of 15 healthy 
male penitentiary inmates and 14 patients with peripheral vascular disease. 
These included skin temperature, digital plethysmography, radiosodium skin 
clearance, and AV difference of oxygen saturation and lactic acid. 

(2) Thirty-three studies were performed on healthy males and 26 on patients 
with peripheral vascular disease. 

(3) In normal males, a significant reduction in digital skin temperature, 
radiosodium clearance, and venous oxygen saturation was observed after ciga- 
rette smoking. There was no statistical change after sham smoking. During 
plethysmography in the normals, there was a marked individual variation, 
although significance was obtained in the group as a whole. 

(4) Smoking produced no significant change from control values in the group 
of patients with marked peripheral vascular disease. This was explained on 
the basis of decreased skin reactivity in these patients. 


ACKNOWLEDGMENTS 


We are indebted to Bertram L. Hanna of the Department of Biology and 
Genetics of the Medical College of Virginia for statistical treatment of the 
data. 


REFERENCES 


1. Bruce, J. W., J. R. Mitter & R. Hooker. 1909. The effect of smoking upon the blood 
pressures and upon the volume of the hand. Am. J. Physiol. 24: 104-116. 

2. Burton, A.C. 1954. Critical survey of methods available for the measurement of hu- 
Ast peripheral blood flow. Jn Peripheral Circulation in Man. Ciba Symposium. : 

. SNYDER, L. H. 1951. Framing sensible questions of nature. Proc. Okla. Acad. Sci. 32. 

. Evans, E. 1., J. W. Brooks, F. H. Scumipt, R. C. Wittiams & T. Ham, Jr. 1955. Flash 
burn studies on human volunteers. Surgery. 37: 280-297. 

: wane 1983 1953. A sensitive direct writing plethysmograph. Electrical Engineering. 

uly, : 

. Hawk, P. B., B. L. OserR & W. H. Summerson. 1941. Practical Phys. Chem. 569. 

. Barker, S. B. & W. H. Summerson. 1941. The colorimetric determination of lactic 
acid in biological material. J. Biol. Chem. 138: 535. 

. Freunp, J., L. H. Wisnam & R.S. Yatow. 1953. The effect of priscoline on the clear- 
ance of radiosodium from muscle and skin of man in normal and diseased limbs. Circu- 
lation. 8: 89-97, 

9. Grant, R. T. & R. S. B. Pearson, 1938. The blood circulation in the human limb: 

observations on the differences between the proximal and distal parts and remarks on 
the regulation of body temperature. Clin. Sci. 3: 119. 


co IO OT Pw 


10. 


11. 
12. 


sis: 
14. 
15. 
16. 


wh 
18. 


ik 
20. 
Pay 
oon 


Freund & Ward: Smoking and Digital Circulation 101 


BicEtow, N., L. L. Bryan, G. H. Cameron, V. J. Ferrert, S. A. Kororjow & G. I. 
Manvs. 1955. Preliminary report on a study of a correlation between emotional 
reactions and peripheral blood circulation, using a strain gauge plethysmograph. 

02 


Grauam, D.T. 1955. Cutaneous vascular reactions in Raynaud’s disease and in states 
of hostility, anxiety, and depression. Psychosomatic Med. 17:(3). 

Rotu, G., J. B. McDonatp & C. SHEarp. 1944. The effect of smoking cigarettes and 
of intravenous administration of nicotine on the electrocardiogram, basal metabolic 
rate, cutaneous temperature, blood pressure and pulse rate of normal persons. J. Am. 
Med. Assoc. 125: 761-767. 

Gortz, R. H. 1942. Smoking and thromboangiitis obliterans. Clin. Proc. Cape 
Town. Post-grad. Med. Assoc. 1: 193-203. 

WEATHERBY, J. H. 1942. Skin temperature changes caused by smoking and other 
sympathomimetic stimuli. Am. Heart J. 24: 17-30. 

Mutinos, M. G. & I. SHurman. 1940. The effects of cigarette smoking and deep 
breathing on the peripheral vascular system. Am. J. Med. Sci. 199: 708-720. 

Burw, J. H., E. H. Leacu, M. J. Ranp & J.W. Tompson. 1959. Peripheral effects of 
nicotine and acetylcholine resembling those of sympathetic stimulation. J. Physiol. 
London. 148: 332-352. 

Moyer, C. A. & W.G. Mappocx. 1940. Peripheral vasospasm from tobacco. A.M.A. 
Arch. Surg. 40: 277-285. 

Stewart, H. J., H.S. Haskert & H. Brown. 1945. The effect of smoking cigarettes 
on the peripheral blood flow in subjects in the older age group with coronary arterio- 
sclerosis and hypertension. Am. Heart J. 30: 541-550. 

FRIEDELL, M. T. 1953. Effect of cigarette smoke on the peripheral vascular system. 
J. Am. Med. Assoc. 152: 897-900. 

SHEPHERD, J. T. 1951. Effect of cigarette smoking on blood flow through the hand. 
Brit. Med. J. 2: 1007-1010. : 
Harpuper, K., 1. D. Stein & J. Byer. 1940. The role of the arteriovenous anastomosis 

in peripheral vascular disease. Am. Heart J. 20: 539-545. : 

Jounson, H. & J. J. Snort. 1933-1934. Effect of smoking on skin temperature. J. 
Lab. Clin. Med. 19: 962-966. 


INFLUENCE OF NICOTINE ON THE BLOOD FLOW OF 
RESTING SKELETAL MUSCLE AND OF THE 
DIGITS IN NORMAL SUBJECTS* 


Hans Rottenstein,t George Peirce, Ellier Russ, 
David Felder, Hugh Montgomery 


Vascular Section, Robinette Foundation, Medical Clinic, Hospital of the 
University of Pennsylvania, Philadelphia, Pa. 


Vasoconstriction in the human hand due to smoking was demonstrated in 
1909.1 Since then numerous studies have amply demonstrated that smoking 
causes cutaneous vasoconstriction. Intravenous injection of nicotine has been 
demonstrated to produce cutaneous vasoconstriction,’ and it is generally ac- 
cepted that the important vasoactive ingredient in tobacco is nicotine. 

Cutaneous vasoconstriction following smoking or injection of nicotine has 
been determined by skin temperature measurement,” ** observation of capillary 
beds,® and plethysmograph.!' An excellent brief summary of early work on 
cutaneous vasoconstriction caused by nicotine and smoking is given by Roth 
and associates.” 

The literature gives somewhat conflicting statements on the effect of nicotine 
on blood flow in skeletal muscle. In the cat, intra-arterial injection produced 
both vasoconstriction and vasodilatation, very small doses causing vasodilata- 
tion, whereas larger doses resulted first in vasodilatation and then in vasocon- 
striction.® In 1939 studies of the effect of smoking on the blood flow of the 
hand and forearm were used to provide a reasonable hypothesis that the 
smoking either produced no change in the flow in the muscles of the forearm, 
or an increase in the flow.? This conclusion is based on the assumption that 
the blood flow in the skin of the forearm was similar to that in the hand, which 
is probably true but was not demonstrated. 

Further light was thrown on the subject in 1955 by Ruef and his associates® 
who, by use of the Hensel thermoelectric needle, were able to demonstrate by 
measurements in the muscle that smoking produced a moderate increase in the 
blood flow in human skeletal muscle.® 

Because of lack of quantitative data on the effect of smoking on skeletal 
muscle blood flow and no data on the effect of intravenously administered 
nicotine on blood flow in human skeletal muscle, it was felt that further studies 
were necessary, and that these studies should provide a clear distinction be- 
tween changes in flow in muscle and in skin. 


Methods and Procedure 


Forty-seven plethysmographic studies and 8 digital temperature studies were 
made on normal male subjects between the ages of 18 and 31 years. Initially 
both smokers and nonsmokers were used, but it was found that nonsmokers 
did not make satisfactory subjects because of frequent attacks of nausea, 
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which caused tensing of muscle incompatible with reliable blood flow measure- 
ments. 

The nicotine used initially was pure nicotine alkaloid. In later studies 
nicotine bitartrate solution, supplied by the Tobacco Industry Research Com- 
mittee, was used. In all cases, doses are reported in terms of the nicotine 
alkaloid administered. 

__ In nearly all the experiments the intravenous injection of nicotine produced 

a sensation of heat or burning at the point of injection. Most of the subjects 
also felt sensations varying from dizziness to sleepiness, numbness of the hands 
and forehead, and shortness of breath. Nonsmokers tended to become nau- 
seated and two of these vomited. The cigarettes used were the smokers’ 
choices of several common standard brands, without filters. 

‘In preliminary experiments conducted for the purpose of establishing dosages 
in subsequent studies, varying doses of nicotine alkaloid were injected intra- 
venously at varying rates, using both single and multiple doses in smokers and 
nonsmokers. Eight subjects were studied. The subject lay on a bed, with 
toes exposed, in a 20°C. room. Thermocouples were attached to the toes, a 
slow intravenous drip of 5 per cent dextrose in water was started and, after the 
temperature of the toes became stable, nicotine was injected into the intra- 
venous drip. Resultant changes in toe temperature were recorded with a 
Minneapolis-Honeywell potentiometer. 

Plethysmographic measurements were not made in a 20° C. room. In these 
studies blood flow in the muscle of the left calf was measured before, during, 
and after intravenous nicotine injection or smoking. The muscle plethysmo- 
graph was air-filled (r1GURE 1). It consisted of a flanged rubber sleeve, tailored 
to fit the subject’s leg, and an outer plexiglass jacket. An air seal was made 
between the rubber sleeve and the jacket by means of spring clamps that held 
the flanges of the rubber sleeve tightly between the ends of the outer jacket 
and the plexiglass rings. 

Changes in limb volume were measured by recording the resultant slight 
changes in pressure in the plethysmograph by means of a Lilly-Technitrol 
manometer and a very low pressure transducer constructed in our laboratory. 
The full-scale sensitivity was about 1 mm. Hg. Calibrating volumes of air 
were inserted into the system by means of a 5-ml. hypodermic syringe. 

Before application of the plethysmograph, the skin of the left calf was ionto- 
_ phoresed with epinephrine to eliminate the effects of skin blood flow.!? The 
epinephrine was used at a concentration of 1:1000 and a fH of 4.5. Ionto- 
phoresis was performed for 20 min. using a current of 30 ma. A profound 
and lasting vasoconstriction of the skin was produced. This was demonstrated 
by immersing the limb in warm water subsequent to the experiments; there 
was erythema in the surrounding area but the iontophoresed area remained 
blanched. 

Following iontophoresis, the subject reclined with head slightly elevated on 
a pillow and the plethysmograph and a proximal pneumatic cuff, to produce 
venous occlusions, were attached to the left leg. Each time a plethysmographic 
measurement was made, this cuff was inflated from a small reservoir at 70 mm. 
Hg pressure, which produced cuff pressures of 55 to 60 mm. Hg. An arterial 
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pneumatic cuff around the ankle was used to prevent return flow from the foot 
into the plethysmograph. The use of this arterial cuff limited the permissible 
length of a series of blood flow measurements to about 20 min. A stethoscope 
was attached over the left brachial artery, a blood pressure cuff was placed 
about the left arm, and an intravenous drip of 5 per cent dextrose in water was 
started in the right arm. The cuff on the left ankle was inflated to 180 mm. 
Hg, a series of plethysmographic measurements was started and, while they 
continued, 6 wg. of epinephrine were injected over 15 sec. via the intravenous 


FicurE 1. Muscle plethysmograph disassembled, showing inner rubber sleeve in place 
on eb ory of plethysmograph, and plexiglass jacket with clamping rings. Thespring clamps 
are not shown. 


‘drip of 5 per cent glucose. Usually blood pressure and pulse and, less fre- 
quently, respiratory rates were determined at 1-min. intervals before, during 
and after all drug injections. 

When the flow increase had subsided, more plethysmographic measurements 
were made and the ankle cuff was then deflated. After a recovery period of 
10 to 15 min., the ankle cuff was reinflated, a new series of measurements was 
started and, after 10 to 13 venous occlusions, nicotine alkaloid was injected 
slowly via the intravenous drip. Measurements were continued for a period 
of about 10 min. and the ankle cuff was deflated. After another recovery 


period oe reinflation of the ankle cuff, a final series of control measurements 
was made. 


Rottenstein et al.: Nicotine and Blood Flow 105 


This procedure was followed in 5 experiments in nonsmokers, in which 0.4 
to 1.0 mg. of nicotine was injected during 1 min. The procedure was also 
followed in 18 experiments on smokers, in which 1 to 2 mg. of nicotine were 
injected during a period of 1 min., and in 16 experiments on smokers in which 
3 mg. of nicotine were injected during 4 min. 

In 20 of the 1-min. nicotine studies attempts were made to measure simul- 
taneously the blood flow in the contralateral, or right, calf by use of the Hensel 
- thermoelectric needle. 

The Hensel thermoelectric needle’ consists of a 19-gauge hypodermic needle 
in which is mounted a pair of thermocouples connected in series opposition, so 
that differential temperatures are measured. One thermocouple is at the tip 
of the needle, the other 1 cm. from the tip and, at the tip of the needle, there 
is also a heating element used to supply heat to the end of the needle enclosing 
the distal thermocouple. When heat was required an alternating current at 
1000 cycles was supplied by a stable oscillator. The differential thermocouple 
output was recorded on a Minneapolis-Honeywell recording potentiometer 
with a full-scale sensitivity of 10° C. 

After an intracutaneous injection of procaine the Hensel needle, with heating 
current off, was inserted into the right gastrocnemius muscle. After the 
differential temperature of the needle became steady, a pneumatic cuff about 
the right thigh was inflated to 180 mm. Hg for 3 min. and then released. If 
an appreciable change in reading occurred this was considered an artifact, and 
the needle was moved slightly; if not the distal thermocouple in the needle was 
heated 4° to 5° C. above the proximal thermocouple and the occlusion and 
release were repeated. If a satisfactory response (0.3° C. or better) was not 
obtained on release of the second occlusion, the needle was again moved slightly 
and the occlusion and release repeated, without and with heating. Results 
from the needle were used only when the reactive hyperemia produced by 
release of a 3-min. arterial occlusion resulted in a differential temperature 
change in the heated needle of 0.3° C. or more, and when the intravenous in- 
jection of 6 ug. of epinephrine over 15 sec. (a procedure that invariably produces 
a great increase in blood flow in muscle) produced a differential temperature 
change of at least 0.1°C. If after 5 or 6 shifts in the position of the needle a 
sensitive location could not be found, the plethysmograph alone was used. In 
20 experiments in which the needle was used, sufficiently sensitive locations 
were obtained in only 4. 

In 3 of the 1-min. nicotine studies on smokers, and in 3 of the 4-min. nicotine 
studies on smokers, simultaneous records were made of the blood flow in one 
of the digits of the right hand using a Cambridge Burch-Winsor plethysmo- 
graph. In these experiments the venous occluding cuff at the base of the fin- 
ger was connected to the pneumatic system for venous occlusions for the leg 
plethysmograph; this insured simultaneous venous occlusions. 

In a set of 8 experiments on 8 subjects in which the leg plethysmograph and 
epinephrine iontophoresis were employed, but all drug injections and the intra- 
venous drip were omitted, 5 series of 13 occlusions were run with recovery 
periods of 15 to 20 min. In each experiment, at the end of the thirteenth 
occlusion of the fourth series of occlusions, a cigarette was smoked at the sub- 
ject’s usual rate. Occlusions were continued while the subject was smoking. 
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Results 


(1) Ina series of 8 experiments on 8 subjects ina 20° C. room, the injection 
of 1 to 2 mg. of nicotine caused a reduction of toe temperature in 7 of the sub- 
jects, commencing 1 to 2 min. after the injection. In one subject there was no 
change. In another of the subjects the temperature drop was followed by a 


TaBLE 1A 
MEAN AND PEAK RESPONSES OF SMOKERS TO ONE-MinuTE NicoTINE INJEcTIONS* 
Muscle blood flow Blood pressure 
M1./100 ml./min. : Pulse Resp. 
No 5 ————— Peak Time Syst. Diast. oe S woe 
60-260 ene rise Eat change change 2 9 
Control | sec. af- : (%) (sec.) (%) (%) 
ter Inj. 
1A 2.0 | 2.86 | 5.76 +101 176 66 +10 +5 +81 —_ 
6 1.5 3.24 | 4.43 +37 98 | 154 — = — cs 
8A 125 2.63 | 3.84 +46 147 | 112 — — — — 
8B 20 See OO al osOL +65 109 | 166 — _— Hes — 
9 ZOwah 2elO) se. a2 +29 105 57 +10 +16 +27 _ 
10A 2.0 2.87 | 4.61 +61 Hila a WS +3 —1 0 = 
11 2.0 2.45 | 4.58 +87 153 | 134 +19 Lf +37 +41 
12A 1:0. |) 3.32) | 4237 +47 Toul! LoS +4 +6 +10 +14 
13A 1.0 2.22 | 2.98 +34 Df) (etow +1 —2 —1 — 
10B Ze OMe Dal. |\ 2a: he +15 60 | 227 +8 +8 +6 = 
8C ZO Sebo | ooo. +9 70 | 140 +14 +10 +13 0 
13B 2.0 Pe Jo tare fell OY +36 66 | 107 +14 +6 +5 —= 
14A 2.0 | 2.61 | 4.34 +66 191 | 143 +9 0 +6 +80 
15 DRAW) «|| PAPA OARS! +16 59 | 107 +6 —8 +11 = 
hy 2.0 2.36 | 3.88 +64 188 | 109 +5 +1 +26 — 
8D 2 ONE 27S: | One +127 Septet hal BAL! +13 +7 +15 —4 
18 ZeO Laan Gees +100 | 340 | 141 +5 +14 +36 +22 
19A 2.0 Phe a2.,. 01 +33 85 | 127 +10 +8 +8 +33 
Mean 2.62 | 4.02 +54 142 | 130 +9 +5 +19 +27 
P < 0.01 P < 0.01 P < 0.01 


* No. refers to subject. Number 1A refers to the first use of subject 1, and 6 refers to 
the only use of subject 6. Percentages of changes in blood pressure, pulse, and respiration 
are derived from the mean of the measurements made during the same period after the in- 


jection of nicotine used for deriving the blood-flow changes. Peak use refers to highest flow 
measured after nicotine injection. 


} Occasionally there were several readings with equal highest flow, in which case the time 
of the first is given. 


sudden rise to a temperature higher than that measured before the injection. 
This effect coincided approximately with the onset of nausea in the subject. 

(2) The injection of 6 ug. of epinephrine during 15 sec. always produced a 
large transitory increase in the blood flow in skeletal muscle, as measured by 
the leg plethysmograph. The peak increases observed varied from 110 per 
cent to 1017 per cent of the mean flow before injection, with a mean peak rise 
of 522 per cent. 

(3) The changes in muscle flow caused by intravenous nicotine and measured 
by the plethysmograph are shown in TaBLEs 1A,1B,and1C. The intravenous 
injections of 1 to 2 mg. of nicotine administered during 1 min. caused an increase 


a 
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in mean blood flow during the period 60 to 260 sec. after the start of the injec- 
tion (TABLE 1A). Increase in blood flow is significant at the 0.01 level for this 
series. Intravenous injections of from 0.4 to 1 mg. of nicotine over 1 min. to 
nonsmokers in all cases caused an increase in mean blood flow in muscle during 
the period 60 to 260 sec. after the injection (TABLE 1B). The result is signifi- 


TABLE 1B 
MEAN AND PEAK RESPONSES OF NONSMOKERS TO OnE-Minvute Nicotine Injectrons* 
Muscle blood flow 
No. Dose M1./100 ml./min. 
(g:) Change Peak rise ant, 
; Ronteargal eee 2S (ec, 
2 1.0 120 224 +87 342 123 
3 0.8 1.84 3.80 +107 538 296 
4 0.4 3.93 6.76 +72 195 185 
5 0.6 Pbo\ 0) 2.94 +118 52 338 
il 1.0 2.20 Seal +49 Bile 365 
Mean 2533 3.80 +88 269 261 
P0505 
* See footnote to TABLE 1A. 
TABLE 1C 
MEAN AND PEAK RESPONSES OF SMOKERS TO FouR-MINUTE 
Nicotine INjJEcTIONS* 
Muscle blood flow Blood pressure 
MI1./100 ml./min. : Pulse Resp. 
No. oe Peak | Pime Syst. Diast. ea eee 
120-360 Cae rise ae change | change e @ 
Control sec. af- . (%) (sec.) (%) (%) 
ter Inj. 
peor 2205S 6.65 +163 362 | 159 — —_ — — 
20 SHOP 2 4oo ul os04: +30 127 | 210 0 —6 +4 +8 
21 SHO Meo nO2 | oe A. +90 148 | 271 +6 +26 +6 +30 
22 3.0) | 1-58 | 4.43 +174 | 318 | 267 +19 +8 +6 +23 
Danes ON les. 20 ||,32 71 +16 56 | 146 +7 —1 +5 +5 
24 S20 el 55 e252 +63 107 | 104 +19 +9 +27 +20 
25 S20F Ne 2d ete 79. —15 257 +4 —6 +17 +5 
26 SO ee cO 4 deca he +7 106 | 510 +26 +24 +16 10 
DIR | 3.0 11.48 |-2.99 +102 224.) 253 +3 +9 +22 +35 
28 320 1 244 1-67. +18 66 5) +28 +16 sei aay 
29 SLO 59) 3.49 +119 561 | 266 +15 +14 +17 25 
Bue. | 3-0 4) 2.16) | 5.87 +172 386 | 233 +16 =°3 +31 = s 
Z5b.| 3.0 | 1.39 | 1:31 —6 23 | 418 +6 +13 +5 +15 
14B | 3.0 | 0.90 | 1.80 +100 189 | 323 +14 +9 +10 +40 
(Be) 3.0 \pt.44 2.27 +58 136 | 382 +6 +25 —3 +20 
32 S20) 1439) 2557 +85 181 | 138 +5 +7 +23 +20 
Bea 187)| 250, 12. | 10 AMET od 9-20 
ee a es P ES 0.01 P < 0.01 P < 0.01/P < 0.01 


* See footnote to TABLE 1A. 
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cant at the 0.05 level but not at the 0.01 level. Thé injection of 3 mg. of 
nicotine over 4 min. to smokers caused an increase in mean muscle flow during 
the period 2 to 6 min. after the start of the injection (TABLE 1C). The increase 
is significant at the 0.01 level. 


TABLE 2 


COMPARISON OF MEAN BiLoop FiLows IN MUscLE IN Controt Runs BEFORE 
AND AFTER DrucG INJECTIONS 


Control before epinephrine Control before nicotine Control after nicotine 
injection injection injection 
No. 
Minutes be- Minutes be- ‘Minutes after 
Blood flow fore nicotine | Blood flow fore nicotine | Blood flow nicotine 
f injection injection injection 
One-minute inj. 
smokers 
1A 2.13 26 2.86 3 4.20 29 
6 3.07 54 3.24 3 3.10 27 
8A Linea 42 2.63 5 4.40 47 
8B 1.68 37 2.39 2 2.97 33 
10A 2.20 29 2.87 3 3.58 47 
11 2.54 Sh 2.45 2 4.20 34 
13A 1.89 38 222, 3 Dike 47 
10B 2.49 34 Beil Y) 2.66 42 
8D 3.28 24 2.78 3 2.76 26 
18 SIs 26 3.73 2 4.00 30 
19A E74: 29 il oy 2 St 32 
Mean 2.42 35.8 2.64 Det 331 SoG 
Four-minute inj. 
smokers 
1B 1.80 29 fi oho; 2 ei 28 
20 2.64 oo Deas 3 225 39 
di 3.62 31 3.02 3 3.64 33 
23A iy Zl 26 3.20 1 2.02 29 
24 0.85 60 1555 2 1.19 26 
25 1.90 39 Drea 4 PANS) 24 
26 2.07 30 2.04 3 2.05 31 
27A 1.58 27 1.48 2 Toi 26 
28 1.05 30 1.41 3 1.71 iW 
29 feo 24 1.59 2 sy 28 
30C Dee 25 2.16 4 1.89 PB) 
23B 1.56 25 1.39 3 1.98 De, 
14B 0.85 48 0.90 4 1.01 A) 
32 1.45 25 1.39 3. 2.08 24 
Mean 1.89 aye: 1.94 2.8 2.00 26.4 


(4) In FicurE 2 are shown the plots of representative experiments in which 
the responses to nicotine injection were measured by leg plethysmograph. In 
the left column the results of 4 experiments on nonsmokers are plotted. The 
top curve in this column is a plot of a typical response to an injection of 6 ug. 
of epinephrine. In the center column are shown the responses in 4 experiments 


‘on smokers to the injection of 1 to 2 mg. of nicotine over 1 min. The bottom 
curve in this column is the mean response of the entire group of 18 experiments 


to 1-min. injections. In the right hand column representative results from the 
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injection of 3 mg. of nicotine during 4 min. are shown, with the bottom curve 
expressing the mean response for the entire group of 16 experiments. 

(5) In 5 experiments in which a finger plethysmograph was used, as well asa 
muscle plethysmograph, the digital flow decreased before the muscle flow in- 
creased. The digital flow remained at a low level after the large transitory 
increase in muscle flow was over. 

(6) In the 4 cases in which a sensitive location for the Hensel needle was 
obtained, the needle record showed a transitory increase of blood flow after 
injection of nicotine, confirming the plethysmographic results and showing 
beyond doubt that the increase took place in skeletal muscle. FIGURE 3 shows 
a typical successful simultaneous run, using both needle and leg plethysmo- 
graph. 

(7) In most of the experiments a final control series of occlusions was run 
about thirty minutes after the nicotine response was over (TABLE 2). After 


TABLE 3 
EFFECT OF CIGARETTE SMOKING ON MuscLE BLoop FLow 


First control Second control | Third control Fourth Soke While Fifth control 


period period peri peri smoking period 

No. ee ee 

Mean |Minutes} Mean |Minutes| Mean |Minutes| Mean |Minutes} Mean | Mean |Minutes 

blood | before | blood | before blood | before | blood | before | blood | blood | after 

flow |smoking| flow |smoking| flow |smoking| flow |smoking| flow flow |smoking 
34 1.78 | 83 1.93 | 60 2.20 | 34 2<o5 5 221 W2R See 
35 1.81 | 82 2.08 | 57 1.71 | 30 2.70 6 2.22) || 24 aT 
30A 2.43 | 56 1.89 | 37 La75e 22 2.13 6 2.29 | 2.66 | 18 
30B Zeer oo 2.15 | 60 1.54 | 32 2214 5 25E) lteter 
27B 1.50 | 83 1.86 | 58 1.98 | 36 1.93 8 2.44 | 1.64 | 21 
27C 1.47 | 56 1.36 | 41 1.36 | 22 ees 7 3.10 | 1.90 | 13 
36 0.82 | 69 0.81 | 58 0.75 | 34 0.94} 8 0.92 | 0.93 | 16 
37 0.90 | 85 0.89 | 73 0.95 | 56 0.84 | 19 0.89 | 1.08 | 45 

Means), 1 62a Or Mh kOe \o5.5: ol tOS. | Soca beets 8.0 2.08 1.88 24.4 


both the 1-min. and the 4-min. injections the average final flow level was above 
the flow before injection but not sufficiently high to establish significance for a 
longer-term effect. 

(8) The smoking of 1 cigarette in a series of 8 experiments upon 6 subjects 
caused a rise in the mean blood flow in 5 experiments. The data in TABLE 
3 show an increase in mean blood flow, but it would take many more experi- 
ments of this type to show a high level of significance. 


Summary 


The intravenous injection of nicotine produces in most subjects a pronounced 


transitory increase in the blood flow to muscle and a somewhat more prolonged 
decrease in the blood flow to the fingers. 
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EFFECT OF SMOKING ON THE PERIPHERAL CIRCULATION 
IN RELATION TO ENVIRONMENTAL TEMPERATURE 


J. Edwin Wood 


Georgia Heart Association Laboratory for Cardiovascular Research, Department of Medicine, 
Medical College of Georgia, Augusta, Ga. 


The effects of the use of tobacco upon the peripheral blood vessels present 
numerous problems with great variation in difficulty of assessment. The long- 
term relationship between smoking and atherosclerosis is one of the most 
formidable of these problems. However, the pharmacology of nicotine is well 
described, and the complex but clinically more important acute effects of 
smoking tobacco upon the circulation of the resting patient have also been 
studied extensively. The purpose of the experiments described here was to 
study further the acute effects of smoking on the peripheral circulation of the 
foot and calf. Special emphasis was placed upon the relationship between the 
effects of tobacco and the effects of a cool environment in order to obtain at 
least a qualitative appraisal of the severity of the changes induced by smoking. 
The problem of whether or not the peripheral blood vessels develop tolerance to 
the effects of tobacco was investigated. Finally, an attempt was made to 
evaluate the effect of smoking in a situation other than that of the resting 
circulation; namely, the effect of smoking upon the reactive hyperemia of a 
previously ischemic limb. 


Methods 


Normal subjects in these experiments were young males ranging from 26 to 
33 years of age. The subjects for the studies of the effect of abstinence from 
tobacco were physicians who habitually inhaled tobacco smoke and regularly 
consumed more than one pack of cigarettes per day. Subjects for study of the 
effect of smoking upon blood flow in the presence of vascular disease were 
hospitalized patients. All of the studies were carried out in a constant-tem- 
perature room. Temperature was maintained either at 83° F. (warm room) or 
68° F. (cool room), with equipment that allowed control of these temperatures 
within +1° F. Measurements of blood flow of the foot or of blood flow of the 
calf were made with the venous occlusion plethysmographic method. Arterial 
occlusion was applied to the ankle during all measurements of blood flow of the 
calf. _ Observations were made when the subject was pursuing his regular 
smoking habits. Then he discontinued smoking for 24 to 48 hours and the 
observations were repeated. The tests were performed 214 to 3 hours after 
the noon meal. The subjects were studied while wearing shorts, lying supine 
in a comfortable bed. They were encouraged to relax but were not permitted 
to sleep, and generally carried on no conversation with the investigators. 


Procedure 


The subject was exposed to the warm environment for a period of 1 hour, 
during which time the plethysmograph was applied and filled with water to a 
temperature of 89° F. As soon as blood flow was reasonably stable over a 
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period of 15 min. the subject smoked two cigarettes at his own rate. Low 
nicotine, “king” size, or filter tip cigarettes were not used. The observations 
were continued at brief intervals for a period of 30 to 60 min. 

Studies of the effect of smoking upon reactive hyperemia blood flow were 
carried out by occluding the circulation to the foot or calf, after 5 min. of 
smoking, for a further 5-min. period. After this the circulation was restored 
and blood flow was measured at 15-sec. intervals for 2 min., and then at 30-sec. 
intervals for the next 6 min. as smoking continued. The same experiment had 
been carried out earlier, but without smoking. 

Blood flow values are given as ml. /min./100 ml. of foot tissue or of calf tis- 
sue. Data on the studies of reactive hyperemia are given in terms of the total 
quantity of blood that flowed through the foot during the 2-min. period fol- 
lowing release of the circulation in ml./100 ml. of foot tissue or of calf tissue. 


Results 


Most of these data have been presented in detail elsewhere,!,? and they are 
given only in outline here. Thirty-one experiments were performed on the 
effect of smoking two cigarettes at room temperatures of 83° F. and 68° F. 
upon the resting blood flow of the foot. In all but 3 of these experiments the 
average blood flow decreased during smoking. Even in these experiments the 
blood pressure and pulse rate increased, and the variability of blood flow 
diminished. In the warm environment the vasoconstriction persisted for 20 to 
40 min., while in the cool room it lasted from 20 to 50 min. Changes in the 
skin temperature of the toe were consistent with the changes in blood flow, but 
tended to lag behind the changes of flow. 

In 17 experiments in the warm environment blood flow decreased an average 
of 1.5 ml./min./100 ml., while in 14 experiments in the cool room the blood 
flow reduction averaged 0.3 ml./min./100 ml. There was a marked difference 
in the range of absolute reduction of blood flow, but the percentage reduction 
of blood flow was about the same in either case. In 13 paired experiments the 
reduction of blood flow with smoking in the warm room averaged 20 per cent 
and in the cool room averaged 22 per cent. 

The effect of abstinence from tobacco. Experiments on 11 subjects before and 

after abstinence from tobacco showed no significant difference in the vaso- 
constrictor effects of smoking. However, most of the subjects reported symp- 
toms of dizziness or even nausea when smoking for the first time after absti- 
nence. : 

The effect of change in room temperature. In 13 experiments on the effect of 

_ smoking in the warm environment and the effect of cooling the environment, 
reduction of blood flow by cooling was greater than that of smoking in the 
warm environment in all but 2 of the experiments. Smoking in the cool en- 
_ vironment did, however, reduce blood flow further as noted above. 
The effect of smoking upon reactive hyperemia blood flow. In 27 experiments 
in the warm environment the blood flow during reactive hyperemia was reduced 
beyond that expected from random variation on 1 5 occasions. Avera ge blood 
"flow in the control period during reactive hyperemia was 18 ml./ 100 mi. of foot 
tissue and averaged 13.7 ml./100 ml. of foot tissue during smoking in all sub- 
jects. 
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In 14 experiments in the cool environment smoking produced a decrease in 
reactive hyperemia blood flow in 6 studies. In the cool environment reactive 
hyperemia blood flow averaged 13.6 ml. in the control period and averaged 
9.9 ml. during smoking in all subjects. 

The effect of a cool environment upon the blood flow during reactive hyperemia. 
Fourteen of 17 subjects showed a definite reduction of reactive hyperemia 
blood flow when the room temperature was reduced to 68° F. without smoking. 
The average reactive hyperemia blood flow in the warm environment was 19.9 
ml., while it averaged 12.6 ml. in the cool environment in all subjects. 

The effect of sympathectomy upon the reduction of blood flow during reactive 
hyperemia. Four patients with unilateral sympathectomies of the lower ex- 
tremities were studied, and it was found that reduction of reactive hyperemia 
blood flow by smoking could be observed in the unsympathectomized limbs in 
both the warm and cool environment, but not observed in the sympathecto- 
mized limbs in either environment. 

The effect of vasospastic peripheral vascular disease. Fourteen of the subjects 
were considered to have peripheral vascular disease that was vasospastic in 
nature, but there was no apparent exaggeration of the vasoconstrictor responses 
induced by smoking in these subjects. 

The effect of smoking in the warm environment upon resting flow and reac- 
tive hyperemia flow of the calf was studied in 6 subjects. There was no con- 
sistent effect of smoking upon the blood flow of the calf with smoking, either 
at rest or during reactive hyperemia. 


Discussion 


The effects of smoking tobacco upon the peripheral circulation, particularly 
with reference to blood flow, have been extensively investigated. Most studies, 
although not all, indicate that the inhalation of tobacco smoke reduces the 
blood flow of the skin, especially of the toes. Although this relatively general 
agreement existed as to the direction of change of blood flow with smoking, it 
seemed reasonable to further evaluate the effects of smoking by comparing its 
effect with a mild vasoconstrictor stimulus of a cool environment of 68° F. 
The reduction of resting blood flow of the foot by smoking in a warm environ- 
ment was less than that produced by cooling the environment. The results of 
these experiments, as well as of others, leave little doubt as to the direction of 
change of blood flow induced by smoking and are commensurate with the 
known effects of small doses of nicotine. When smoking is compared with a 
relatively usual everyday activity, namely, exposure to a moderately cool 
environment, the vasoconstrictor effects would seem no more hazardous than 
those to which the individual is already exposed. It is important to point out, 
on the contrary, that a marked reduction of blood flow induced by a cool en- 
vironment may be accompanied by a further reduction of flow with the addi- 
tional stimulus of smoking. Thus if the circulation to the skin is greatly 
compromised, mild cold or smoking might be detrimental. 

Since some patients smoke only occasionally the question arises as to whether 
they would ordinarily develop tolerance to tobacco, causing much slighter 
effects upon the circulation than when tobacco is used almost continuously. 
Experiments described here indicate that abstinence from tobacco does not 
result in an accentuation of the vasoconstrictor responses of the foot to smoking. 
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Thus the patient need not fear an accentuation of the vasoconstrictor effects 
of tobacco by intermittent smoking. 

An attempt was made to assess the effect of smoking tobacco upon blood 
flow that might not be so redundant as that of the resting circulation, that is, 
of blood flow passing through the foot during a period of reactive hyperemia. 
The proportion of the blood flowing through capillaries of the foot following a 
period of ischemia, relative to that flowing through arteriovenous shunts, can- 
not be evaluated by methods utilized in these studies. It seems reasonable to 
assume, however, that there is a metabolic need for a larger proportion of the 
blood flow than in the resting situation. In any event, smoking tobacco does 
depress the amount of blood that passes through the foot during reactive 
hyperemia, as does a cool environment. The combination of smoking and of 
Cooling depresses reactive hyperemia further. These studies also suggest that 
in situations of a critical ratio between the need for blood and availability of 
blood, the factors that cause reactive hyperemia* might be of greatest impor- 
tance; smoking, or smoking in combination with a cool environment, might 
be detrimental to the patient. On the other hand, as shown above, the effect 
of smoking upon reactive hyperemia is if anything less than that produced by a 
cool environment alone. 

The effects of smoking upon resting blood flow and upon the reactive hypere- 
mia of the foot undoubtedly represent the effects of this procedure upon the 
circulation of the skin. Studies of the effects of these same procedures upon 
the blood flow of the calf indicated that no such responses occurred. The calf 
is composed primarily of skeletal muscle, while the foot is primarily skin. 
Numerous studies of the circulation of muscle versus those of skin have indi- 
cated that the responses of these vascular beds are fundamentally different.‘ 
The studies described herein would lead to the conclusion that a patient who 
has diminished blood flow to the calf, with intermittent claudication, could not 
reasonably expect an improvement in his situation if he stopped smoking. 

Studies of patients with sympathectomized limbs indicate that the effect of 
smoking upon the blood flow of the foot is mediated primarily via the sympa- 
thetic nervous system rather than through the release of catecholamines® from 
other sites or the direct effects of nicotine upon the smooth muscle of the blood 
vessels themselves. Furthermore, these studies suggest that patients who have 
critically low blood flow in the skin and who might suffer further damage with 


smoking® would be protected by sympathectomy. 


Summary and Conclusions 
(1) Smoking tobacco causes vasoconstriction and decrease in blood flow of 


the foot. a 
(2) Smoking depresses the blood flow of the foot (primarily skin) during 


reactive hyperemia. : 
(3) A cool.environment of 68° F. produces a greater reduction of resting 
blood flow and of reactive hyperemia blood flow of the foot than does smoking. 
(4) The vasoconstrictor effects of smoking and of a cool environment on the 
circulation of the foot are not observed in sympathectomized limbs. 
(5) These vasoconstrictor effects of smoking are not observed in the calf. 
(6) Possible clinical implications of these findings are discussed. 
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THE ACUTE EFFECT OF CHEWING TOBACCO AND 
SMOKING IN HABITUAL USERS* 


David L. Simon and Arnold Iglauer 


The Cardiac Laboratory of the Cincinnati General Hospital, University of Cincinnati College 
of Medicine, Cincinnati, Ohio 


The circulatory effects of tobacco were studied in 14 young male cigarette 
smokers without cardiovascular disease,! 24 habitual users of chewing tobacco,” 
and 25 cigar and pipe smokers? following the use of these various forms of to- 
bacco. The same methods of study were used in all observations of smokers 
and chewers. 

- Studies were carried out in the basal postabsorptive state on each subject 
on three separate days. On one day low-nicotine tobacco was smoked in a 
constant temperature room, and on another day regular tobacco was smoked. 
On a third day the effect of high-nicotine tobacco on the ballistocardiogram was 
determined; the order of studies was variable. Skin temperatures were meas- 
ured in a constant temperature room at 78° F. (25.6° C.) and 40 per cent rela- 
tive humidity from copper-constantan thermocouples attached to the forehead 
and the volar surfaces of the fingers and toes, employing a Brown constant-re- 
cording potentiometer. Changes of 0.5° C. were considered significant. Blood 
pressures and pulses were obtained by the usual clinical method. The ballisto- 
cardiograms were recorded with a high-frequency table-type research instru- 
ment.* The subjects were supine and unclothed and rested for at least 45 min. 
prior to smoking or chewing. The period of smoking or chewing was 20 min. 

The young cigarette smokers were 14 convalescent male patients, without 
cardiovascular disease, from the surgical service of the Cincinnati General Hos- 
pital and three normal male volunteers, all of whom were habitual smokers. 
Their ages ranged between 16 and 41 (average age—27.2). Each subject 
smoked two low-nicotine cigarettes through a silica filter on the first day and 
one or two ordinary cigarettes, with no filter, on the second and third day. 

The tobacco chewers were 24 male volunteers who chewed tobacco habitu- 
ally; their ages ranged between 34 and 71 years (average age—S1.1). Each 
subject chewed, on alternate days, a full mouthful of low-nicotine chewing 
tobacco (0.31 to 0.47 per cent nicotine) and a regular commercial brand (1.53 
per cent nicotine). Chewing gum was used in several subjects as a placebo. 
The average amount of tobacco chewed weighed 10 gm. 

The cigar and pipe smokers were 25 habitual male smokers; their ages ranged 
between 21 and 69 years. Eight subjects were studied while sham-smoking 
unlighted pipes or cigars under identical conditions. The commercial cigars 
were a well-known brand containing 1.82 per cent nicotine (moisture-free basis). 
The low-nicotine cigars were a commercially available brand containing 0.88 
per cent nicotine. The pipe tobacco used was a commercial brand containing 
2.15 per cent nicotine (moisture-free basis). Pipe tobacco containing 0.72 
per cent nicotine was used for the low-nicotine studies. 


* The work described in this paper was supported in part by a research grant from the 
Tobacco Industry Research Committee, New York, N. Y. 
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The low-nicotine cigars weighed 6.6 gm.; the regular cigars weighed 6.5 gm. 
A pipeful of tobacco weighs approximately 2.0 gm. By comparison, a stand- 
ard cigarette contains 1 gm. of tobacco and approximately 20 mg. (2 per cent) 
nicotine. 


Results 


CIGARETTE SMOKERS 


No change in the form of ballistocardiograms occurred after smoking either 
low-nicotine filtered or ordinary cigarettes; cardiac output computed from 
ballistocardiograms did not change. 

When the pulse rates were compared statistically before and after the smok- 
ing of both the low-nicotine filtered and ordinary cigarettes, no significant dif- 
ference was found with the low-nicotine cigarettes, but a statistically significant 
increase in pulse rate occurred after the smoking of standard cigarettes (¢ = 
3:0; Bi <.0.01). 

In general the skin temperature changes in all our subjects followed the well- 
known pattern already previously described by Grollman,° Roth,‘ and others,’ * 
although in our subjects the temperature fall was not as pronounced in the 
lower extremities. 


CHEWERS 


Ballistocardiograms. After the chewing of standard commercial tobacco, 
ballistocardiograms of 23 of the 24 subjects showed changes of the ballistic 
wave pattern from the control pattern taken before they had begun chewing. 
These changes were usually maximal 15 min. after chewing began, and the 
patterns gradually returned to normal. The changes were generally of the 
early M pattern. In the patient whose ballistocardiogram is shown in FIGURE 
1, no changes were seen 15 min. after chewing the placebo gum (FIGURE 2). 

Pulse rate. After the subjects chewed commercial tobacco, the pulse rate 
of 1 remained constant and the pulse rates of 14 increased markedly (FIGURES 
3,4). The range of increase was from 1 to 24 beats/min., with an average in- 
crease of 13.4 beats/min. With low-nicotine tobacco, the pulse rate remained 
constant in three subjects, decreased in 1, and increased in 9 (range of increase: 
2 to 10; mean: 6.5 beats/min.). With gum, 1 subject showed a slight rise and 
1 showed a slight fall in pulse rate. 

Blood pressure. The blood pressures of 16 subjects were measured; all 
showed a rise in systolic pressure after chewing commercial tobacco, and 15 
showed a rise in diastolic pressure. The range of rise in systolic pressure was 
10 to 45 mm. Hg with a mean rise of 17.9 mm. Hg. The range of rise in di- 
astolic pressure was 5 to 20 mm. Hg, with a mean of 11.8 mm. Hg. In 1 sub- 
ject whose blood pressure rose 15/15 mm. Hg after he chewed commercial to- 
bacco, no rise was recorded after chewing gum (FIGURE 5). 

Skin temperatures. In most cases the pattern of temperature changes follow- 
ing the chewing of tobacco was similar to that previously reported in connection 
with cigarette smoking. Forehead temperatures remained almost constant at 
35° C. (95° F.) with both types of tobacco and with gum. Initial toe tem- 
peratures ranged from 23 to 35° C. (73.4° to 95° F.), with a mean of 29.7° C. 
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ponent (upper row), horizontal component (middle row), and lead 2 electrocardiogram. 


15 min. after patient begins chewing commercial tobacco. The pattern returns to normal one hour later. 


gram: longitudinal com 


Ficure 1. Ballistocardio 
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Ficure 2. Ballistocardiograms and electrocardiograms arranged as in FIGURE 1 


tient no change after the chewing of gum for 15 min. 
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(85.5° F.). Eight subjects who chewed commercial tobacco showed no sig- 
nificant change in toe temperature, three subjects showed small increases (133? 
to 1.7° C.), and 11 showed decreases ranging from 1.1° C. to 5.3° G ; With 
low-nicotine tobacco, 9 subjects showed no change, 4 showed slight increases 
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Freure 3. Effect of chewing tobacco and chewing gum on pulse rate. 


(1.1° to 2.4° C.), and 7 showed decreases ranging from 1.2° to 3.6° C. Toe 
temperatures of 3 subjects who chewed gum did not change. The initial finger 
temperatures ranged from 25.3° to 38.4° C. (77.5° to 101.1° F.), with a mean 
of 32.5° C. (90.5° F.). The finger temperatures of six subjects who chewed 
commercial tobacco remained constant; there were no increases, and 17 sub- 
jects showed decreases ranging from 1.3° to 6.7° C. With low-nicotine tobacco, 
finger temperature increased slightly in one subject, remained constant in 6, 
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and decreased in 13, the decrease ranging from 1.1° to 6.8° C. Changes 
were minimal in those subjects who chewed gum (FIGURES 6, 7). 


CIGAR AND PIPE SMOKERS 


Ballistocardiograms 


Cigars. Studies were made of 12 subjects who smoked regular commercial 
cigars. In 9 of the 12 subjects, ballistocardiograms were normal before smok- 
ing. Three of these remained normal throughout the smoking period and 
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_ Ficure 4. Range of pulse rate changes indicated by vertical arrowed lines. Cross bars 
indicate average change. Data of other workers are included for comparison. 


after smoking. Three showed increased respiratory variation. Three, how- 
ever, showed greater changes from normal, either in the form of early M or 
late downstroke patterns (FIGURE 8). 

The records of the other 3 subjects were abnormal before smoking. In 2 of 
these, the abnormality increased during and after smoking, and in one it less- 
ened. The maximum changes occurred within 10 to 20 min. of the start of 
smoking and persisted for 20 to 30 min. or longer. 

Pipes. ‘Ten subjects were studied who smoked regular commercial tobacco. 
The ballistocardiograms of eight were normal before smoking. Three of these 
remained normal throughout; three showed only minor changes, consisting 
either of minor respiratory variation or changes in the amplitude or the com- 
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Ficure 6. Changes in skin temperatures of fingers in subjects who chewed low-nicotine 
tobacco and gum (above) and commercial tobacco (below) 
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Ficure 7. Range of skin temperature changes indicated by vertical arrowed lines. Cross 


bars indicate average change. Data of other workers are included for comparison. 
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plexes. Two showed rather marked abnormality after smoking, with develop- 
ment of a definite early M pattern (FIGURE 9). 

In 2 subjects who smoked pipes the records were abnormal before smoking. 
In one of these, the record showed only minimal changes during smoking, but 
in the other the abnormalities became much more marked. The changes oc- 
curred in from 10 to 20 min. and persisted for 20 or 30 min. or longer. 


2== = 


Sees 
Ss ere 


Control 21 Minutes 
BALLISTOCARDIOGRAMS PIPE SMOKING 


Ficure 9. Effect of pipe smoking on ballistocardiogram. Top row, longitudinal compo- 
nent; middle row, side to side component; and bottom row, lead 1 electrocardiogram. Nor- 


mal complexes noted during control period becoming abnormal, showing an early M pattern 
at end of smoking period. 


Pulse Rate 


Cigars. The pulse rates were counted in 15 subjects who smoked both high- 
and low-nicotine content cigars. _ In all of the subjects smoking regular com- 
mercial cigars, the pulse rate increased; the range of increase was 1 to 12 beats/ 
min., with an average increase of 6.4 beats/min. During the smoking of the 
low-nicotine cigars, the pulse rate increased in 14 subjects, in the range of from 
1 to 15 beats/min. In 1 subject the pulse rate decreased slightly. The aver- 
age increase in these subjects was 5.3 beats/min. (FIGURE 4). 

Pipes. Ten subjects smoked regular and low-nicotine tobacco in pipes. 
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During the smoking of the regular commercial tobacco, 9 subjects showed an 
increase in pulse rate, ranging from 3 to 20 beats/min.; in one subject the rate 
decreased 4 beats/min. The average increase was 7.4 beats/min. While 
smoking low-nicotine tobacco the pulse rate increased in 7 subjects with a 
range of 2 to 12 beats/min. In 2 subjects the heart rate decreased 4 and 10 
beats/min., respectively, and in 1 the rate remained unchanged. The average 
_ increase was 4.2 beats/min. (FIGURE 4). Maximal changes in the pulse rate 
occurred from 2 to 30 min. after the start of smoking. 


Blood Pressures 


Cigars. Fifteen subjects smoked regular and low-nicotine cigars. All sub- 
jects showed an increase in both systolic and diastolic blood pressure while 
smoking regular cigars. The systolic blood pressure increased an average of 
7.3 mm. Hg, range 2 to 12 mm., and the diastolic blood pressure increased an 
average of 8.9 mm. Hg, range 2 to 18 mm. (FIGURE S)e 

During the smoking of low-nicotine cigars, systolic blood pressure increased 
in 11 subjects, range 1 to 15 mm. Hg. In 3 there was no change in systolic 
blood pressure, and in one the systolic blood pressure decreased. The average 
increase was 4mm. Hg. The diastolic blood pressure increased in all subjects 
with an average increase of 6.3 mm. Hg, range 1 to 16 mm. (FIGURE Si 

Pipes. Blood pressures were measured in ten subjects smoking regular 
commercial and low-nicotine tobacco in pipes. During the smoking of high- 
nicotine tobacco, the systolic and diastolic blood pressure increased in all sub- 
jects. The average increase was 9 mm. systolic and 8 mm. diastolic with a 
range of 1 to 18 mm. Hg in both. During the smoking of low-nicotine tobacco 
in pipes, systolic blood pressure increased in 5 subjects, decreased in 2 and re- 
mained unchanged in 3. Diastolic blood pressure increased in 7 of these sub- 
jects and decreased in 3 (FIGURE 5). 


Skin Temperatures 


Cigars. Skin temperatures were measured in the fingers and toes of 15 sub- 
jects who smoked regular commercial cigars. The average initial temperature 
of the fingers was 32.3° C. Skin temperatures fell in 12 of the subjects, re- 
mained unchanged in 1, and increased slightly in 2. Eleven subjects were 
studied with low-nicotine cigars. The initial fingertip temperatures averaged 
32.5° C. In 9 subjects the skin temperatures decreased, and in 2 subjects 
changes were equivocal (FIGURE 7). In both groups of observations the toe 
_ temperatures did not show any consistent pattern of change. Forehead tem- 
peratures did not change. 

Pipes. Skin temperature observations were made on 10 subjects while they 
smoked regular commercial tobacco in pipes. The average initial temperature 
of the fingers was 33.2° C. Finger temperatures decreased in nine of the sub- 
jects and in one subject changes were equivocal (FIGURE 7). Nine subjects 
were studied with low-nicotine tobacco. The average initial finger tempera- 
ture was 33.9° C. Finger temperatures decreased in eight of the subjects, 
and in one subject changes were equivocal. No consistent pattern of changes 


was noted in the feet. 
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Forehead temperatures did not change. Maximal changes in skin tempera- 
ture occurred from 9 to 50 min. after the start of smoking. 

The averages of changes with cigar and pipe smoking were almost identical. 
Greater decrease in finger temperature occurred in a few cigar smokers (FIG- 
URE 7). 

Sham smoking. Eight subjects who puffed unlit cigars or pipes showed no 
change in pulse rate, blood pressure, or ballistocardiograms. In most of these 
subjects changes did occur with actual smoking. 


Discussion 


All observers have found ballistocardiographic changes in only a small pro- 
portion of healthy young males during cigarette smoking.’* 1°" However, we 
found changes of the ballistocardiogram in 23 of 24 subjects who chewed to- 
bacco. Abnormalities of the ballistocardiogram occurred or increased in 8 of 
12 subjects after smoking cigars and in 6 of 10 subjects after smoking pipes. 

In contrast to the subjects in previous studies of cigarette smokers, none of 
the pipe or cigar smokers inhaled. Previous studies are not in agreement as 
to the percentage of nicotine absorbed by smokers who did not inhale. The 
most frequently cited work, that of Baumberger™ in 1923, indicates a high per- 
centage of nicotine absorption, even without inhaling (66-77 per cent). A 
more recent study by Greenberg” and others indicated that, without inhaling, 
a smaller percentage of nicotine content of smoke is retained in the body. They 
found 4 to 45 per cent of the nicotine was retained in smokers who did not in- 
hale, whereas 96-98 per cent was absorbed in subjects who inhaled. This 
raises the question of the effect of the respiratory activity alone during smoking 
on the circulation. 

Mulinos and Shulman" found that deep breathing could produce transient 
vasoconstriction in the hands. However none of our pipe or cigar smokers 
inhaled or breathed deeply. Many previous observers, including Roth,* Mad- 
dock and Coller,!® Wright and Moffatt,!® and Weatherby” have shown that 
sham smoking produced negligible changes in skin temperatures, pulse rates, 
and blood pressures. More recent studies by Freund'® were confirmatory. 
Furthermore, Weatherby” found quite inconsistent, small, and variable changes 
in actual respiration during the act of smoking. In our own studies of sham 
smoking or chewing, no circulatory changes were found, even in subjects who 
showed changes while smoking or chewing tobacco. 

Thus the data on cigar and pipe smokers indicate that failure to inhale does 
not prevent appearance of the usual circulatory effects of nicotine. Very few 
previous studies of pipe and cigar smoking were found. Maddock and Coller,!® 
in a few subjects, found that, following pipe smoking, pulse, blood pressure, 
and skin temperature changes were similar to cigarette smokers. According 
to Scott,” nicotine levels in the blood were lower after cigar or pipe smoking 
than after cigarette smoking. 

It should be pointed out that the amount of nicotine available for absorption 
varies with such factors as moisture content, combustion temperature, length 
of filtration, loss through expectoration, as well as the obvious factors of nico- 
tine content of tobacco smoked or chewed and rate of smoking or chewing. 
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Summary and Conclusions 


Cigarette smoking. In the normal young men no significant change in cardiac 
output was found after smoking ordinary cigarettes. 

While showing no change in cardiac output, these same normal young men 
showed concurrent statistically-significant increases in pulse rates and decreases 
in skin temperatures of fingers. 

In our subjects there were no changes in the form of the ballistocardiogram 
following cigarette smoking. 

Tobacco chewing. The chewing of tobacco in a group of older men who 
chewed tobacco habitually produced an increase in pulse rate and blood pres- 
sure, a decrease in skin temperature of the fingers, and changes of the ballisto- 
cardiogram in almost all subjects. 

Cigar and pipe smoking. The usual effects of tobacco smoking on the circu- 
lation were found (that is, an increase in pulse and blood pressure, drop in skin 
temperature of fingers), but were not as marked as the effects usually found fol- 
lowing cigarette smoking or chewing tobacco. 

The incidence of changes in the ballistocardiogram in this study was less 
than that found following chewing tobacco in a similar age group, but greater 
than that found following cigarette smoking in a younger age group. 

The circulatory effects of cigar and pipe smoking were approximately the 
same. 

Circulatory changes were slightly less following low-nicotine cigars and pipes 
compared with standard cigars and pipes. 

Sham smoking or sham chewing did not produce circulatory changes. 
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RESPONSES OF THE PERIPHERAL VEINS IN MAN TO THE 
INTRAVENOUS ADMINISTRATION OF NICOTINE* 


John W. Eckstein and A. W. Horsley 
Department of Internal M edicine, State University of Iowa College of Medicine, Towa City, Towa 


During previous plethysmographic studies! it was noted that smoking led to 
reductions in the resting volume of the extremity. This observation suggested 
that smoking causes venous constriction, since the veins and venules contain 
most of the blood. The present studies were undertaken to determine if the 
intravenous administration of nicotine causes an increase in venomotor tone. 


: Methods and Procedure 


The first experiments were performed on 12 healthy young men. All were 
habitual smokers who used 20 to 60 cigarettes per day. They did not smoke 
during the two-hour period before reporting to the laboratory. Tests were 
done with subjects lying supine. Room temperature was 80° F. Venous tone 
was measured with a plethysmograph on the left forearm. Venous pressure 
was measured in the antecubital vein of the dependent right arm in 5 of the 
12 experiments. Arterial blood pressure was determined by the cuff method 
and heart rate was obtained by counting the radial pulse. After control values 
were established 1.0 mg. of nicotine base in 5.0 ml. of normal saline was injected 
through an indwelling needle into an ankle vein. The observations were then 
continued until control values returned. In 7 experiments the nicotine injec- 
tion was repeated 5 to 7 min. after intravenous administration of 5.0 mg. of 
phentolamine methanesulfonate (Regitine). 

Venous tone was measured by a modification of the method described pre- 
viously by Wood and Eckstein.’ The forearm is enclosed in a tall plethysmo- 
graph and water is added, so that the pressure it exerts on the arm is more than 
venous pressure but less than arterial pressure. Arterial inflow drives venous 
pressure in the forearm to a height greater than that of the water. The differ- 
ence between the pressure within the veins and the pressure surrounding them 
is the transmural pressure. Under these conditions it is a low value (0.5 to 
1.0 mm. Hg) and constant in a given subject.2, The volume of blood in the 
veins at this low transmural pressure also is small and constant.* The origin 
of the venous pressure-volume curves is the venous volume which exists at this 
low level of transmural pressure. Since the volume and pressure values are so 

small, for practical purposes they are regarded as zero. 

To observe the pressure-volume relationships, transmural pressure in the 
forearm veins is increased from ‘‘zero” to 30 mm. Hg in increments of 5.0 mm. 
Hg by inflating a pneumatic cuff on the arm proximal to the plethysmograph. 
The increase in forearm venous volume caused by each increment of pressure 
is measured and recorded. Curves are constructed by plotting venous volume, 
in ml./100 ml. of forearm tissue, against transmural pressure (FIGURE 1). The 


* The studies described in this article were supported in part by Research Grant H-2644 
from the National Heart Institute, Public Health Service, Bethesda, Md., and by a research 
grant from the Tobacco Industry Research Committee, New York, N. Y. 
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curves are convex toward the volume axis. If the veins become less distensible 
the curve falls nearer the pressure axis; if they become more distensible the 
curve falls nearer the volume axis. The final point on the curve, the volume 
at a transmural pressure of 30 mm. Hg, is termed arbitrarily the venous dis- 
tensibility. A high value is associated with reduced tone, and a low value with 
increased tone. Since the venous pressure-volume characteristics are the same 
in both arms, the naturally occurring venous volume of the forearm is the 
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volume coordinate of the point on the curve that corresponds to the venous 
pressure (equals transmural pressure) measured in the arm not in the ple- 
thysmograph. The natural volume is determined by drawing a perpendicular 
from the measured value on the pressure axis to the point of intersection with 
the curve (FIGURE 1). 

Forearm volume changes were measured by means of two partially immersed 
electrodes? * that recorded changes in the height of the water in a vertical 
cylinder attached to the top of the plethysmograph. The diameter of the 
cylinder was such that maximal changes in limb volume raised the water level 


* Constructed by the Sanborn Company, Waltham, Mass. 
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less than 5 mm. This increase in water level was not sufficient to cause a 
measurable error in transmural pressure in the veins. A long plethysmograph 
rather than the previously described tandem instrument? was used. With a 
long box, the incompletely pressurized zone of tissue at the proximal end con- 
tributes only a negligible fraction to the total volume change within the ple- 
thysmograph unless the: limb diameter is unusually large. 


TABLE 1 
CHANGES IN ForEARM VENOUS DISTENSIBILITY AFTER INTRAVENOUS 
INJECTION OF NicoTINE* BEFORE AND AFTER ADMINISTRATION 
OF PHENTOLAMINE** 


Venous distensibility Mean blood pressure Pulse rate 
¢ (ml./100 ml.) (mm. Hg) (beats/min.) 
Experiment number 
Ct Nit P-Nt G N P-N Cc N P-N 
1 4.0 She? 3.4 80 108 94 62 80 92 
2, 3.8 3.0 3.6 96 105 108 76 96 96 
3 Si 2.6 IIS) 80 98 105 95 104 100 
4 4.5 3.4 3.5 88 100 96 60 92 92 
5 3.9 2.8 2.6 88 100 97 80 84 84 
Co) 325 any 3.4: 83 88 93 72 72 96 
7 4.9 4.2 4.8 86 95 90 64 100 104 
8 3.8 3.4 91 105 72 100 
9 3.6 3.0 96 100 60 84 
10 4.1 S158) 85 101 64 72 
11 4.0 3.6 103 111 84 105 
Lied sl 4.3 108 117 88 96 
Experiments 1-12 
Mean 4.0 3.4 90 102 73 90 
Standard error§ 0.09 9 3.3 
Probability <0.001 <0.001 <0.001 
Experiments 1-7 
Mean bles 3.4 99 98 90 95 
Standard error§ 0.13 eT, Ball 
Probability <0.2 <0.5 <0.3 


* Nicotine dose, 1 mg. of base. 

** Phentolamine methanesulfonate dose, 5.0 mg. of salt. 

t Value obtained during control period. 

tt Value obtained after nicotine injection. ’ ; ct ; 

t Value obtained after nicotine injection following phentolamine administration. 


§ Standard error of the mean difference. 


In the second group of experiments nicotine in normal saline was infused into 
_ an ankle vein at constant rates for periods of 10 min. Toe temperature, radial 
pulse, venous pressure, and respirations were recorded continuously. Arterial 
pressure and venous tone were measured intermittently, and subjects were 
asked about unusual symptoms after the infusion was discontinued. 


Results 


Symptoms occurred in each of the 12 subjects when 1.0 mg. of nicotine was 
injected intravenously. The most frequent symptom was lightheadedness or 
dizziness. Two subjects found this sensation to be pleasant. None of them 
complained of nausea. Seven complained of transient discomfort in the ex- 
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tremity with the injection. Three complained of severe aching pain that 
involved the entire lower extremity with a “stocking-type” distribution. The 
remainder described mild to moderate aching below the knee. This appeared 
to last about 1 min. Irregular breathing and a transient increase in respiratory 
rate were noted in almost all subjects. Pallor was noted in about one half of 
the subjects, and several of them were observed to have pilomotor changes and 
sweating. 


TABLE 2 
CHANGES IN ForEARM VENOUS VOLUME AFTER INTRAVENOUS INJECTION OF NICOTINE* 


Venous pressure Venous distensibility Venous volume 
(mm. Hg) (ml./100 ml.) (ml./100 ml.) 
Experiment number 
Ct Nt Cc N Cc N 
8 16.0 Lido 3.8 2.4 a0) | Os 
9 18.6 18.6 3.6 3.0 3.0 1.8 
10 1355 125 4.1 3.5 255) 2.3 
11 12eS Page) 4.0 3.6 PATA 1.9 
2 1123 12.0 4.7 4.3 2.6 2d 
Mean 14.3 14.5 4.0 3.4 2.8 2.0 
Standard error§ 0.42 0.18 0.28 
Probability <0.7 <0.02 <0.05 


* Nicotine dose, 1 mg. of base. 

+ Values during control period. 

t Values after nicotine injection. 

§ Standard error of the mean difference. 


TABLE 3 


FREQUENCY OF CHANGE IN CERTAIN CARDIORESPIRATORY FUNCTIONS 
With TEN-MINUTE INFUSIONS OF NICOTINE 


Total nicotine | Toe tem- | Heart Arterial | Venous Venous Respira- 
Number of dose perature rate pressure | pressure oettey ire Symptoms 
subjects 

Mg. Number | Number | Number | Number | Number | Number | Number 
decreased | increased | increased | increased | decreased | increased | reported 

8 0:5-to 1:0 0 0 0 0 0 1 0 

8 Peale toe 220 3 3 1 0 1 1 0 

6 2.4 to 3.1 = Z 2) 2 1 1 2 

6 3.4 to 4.4 6 6 4 1 6 3 6 


Mean arterial pressure (diastolic plus one third of the pulse pressure) in- 
creased an average of 12 mm. Hg (Taste 1), and pulse rate increased an average 
of 17 beats/min. The recorded values for pressure and pulse rate are those 
observed at the completion of the venous pressure-volume curves. These 
curves were completed 3 to 4 min. after the injection. The greatest blood 
pressure and heart rate values were noted within a few seconds after the in- 
jection and were somewhat higher than the reported values. An increase in 
venomotor tone occurred in 11 of the 12 experiments. The venous volume at 
30 mm. Hg averaged 4.0 ml./100 ml. of tissue during control periods and 3.4 ml. 
after nicotine. The responses to the drug were not altered appreciably by prior 
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administration of phentolamine. Venous pressure was measured in 5 of the 
12 experiments (TABLE 2) and no consistent change was noted. When fore- 
arm venous volume was estimated by drawing a perpendicular from the appro- 
priate point on the pressure axis (FIGURE 1) it was found that the increased 
tone was sufficient to “push” blood from the forearm. The maximal venous 
Tesponse occurred promptly after the drug was given, and the effect disap- 
peared completely in about 20 min. 

In the second group of experiments nicotine was infused at a constant rate 
for 10 min. The total dose varied from 0.5 to 4.4 mg. ‘Twenty-four infusions 
were given to 9 subjects in an effort to determine the approximate dose neces- 
Sary to produce cardiorespiratory changes (TABLE 3). Doses less than 3.0 mg. 
in 10 min. produced few symptoms, with only occasional decreases in toe tem- 
perature and increases in heart rate. Doses of 3.4 to 4.4 mg. in 10 min. regu- 
larly produced symptoms and changes in toe temperature, heart rate, and 
venous tone. Arterial pressure increased only slightly and respiratory rate 
increased in 3 of the 6 experiments (TABLE 2). Several subjects complained 
of leg discomfort during the infusion. This was not severe and disappeared 
promptly when the infusion was discontinued. In 3 subjects not included in 
this group it was necessary to discontinue the infusion because of pain before 
5 min. had elapsed. The maximal concentration of nicotine in the infusate 
was approximately 0.03 mg./ml. Two of these last 3 subjects developed mod- 
erately severe superficial thrombophlebitis at the site of infusion. 


Summary 


In these experiments venous tone increased regularly after the intravenous 
injection of 1.0 mg. nicotine. It also occurred regularly when doses in excess 
of 3.4 mg. were infused in 10 min. The mechanism by which this venous re- 
sponse is produced is not clear. Phentolamine in a dose sufficient to modify 
the venous response to epinephrine infusion of 15 ug./min.® did not alter the 
response to nicotine. This suggests that circulating epinephrine is not an 
important factor. A response from a central effect of the nicotine is certainly 
possible, for an increase in venomotor tone was rarely observed in the absence 
of pain or some other unpleasant symptom. The sweating, pallor, and tachy- 
cardia that accompanied the venous response, however, suggest that it may 
be caused by the ganglionic stimulating properties of nicotine. 
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TOBACCO HYPERSENSITIVITY 


Vincent J. Fontana 


Department of Pediatrics, New York University Medical 
Center, College of Medicine, New York, N. Y 


In the past thirty years, particularly in the last several years, the possibility 
that tobacco or its products might be a cause of disease has been briskly dis- 
cussed. The questions of whether allergy to tobacco does occur and, if it 
does, of how intimately it is associated with recognizable peripheral vascular 
symptoms, remain to be answered. The investigations of Sulzberger’ and the 
reports of Harkavy et al.,2 about 30 years ago, were the first to indicate that a 
sensitivity reaction to tobacco might be responsible for certain vascular dis- 
eases, especially thromboangiitis obliterans. On the other hand, reports by 
Trasoff et al.,? Chobot,t and Westcott and Wright® failed to confirm the con- 
tention that the skin reaction produced by tobacco extract was a specific re- 
sponse designating a sensitization process of the blood vessels. 

These divergent views and findings by competent investigators in the field 
demanded a reappraisal of the sensitizing potential of the allergen, tobacco, on 
the human vascular system and ascertainment of the true incidence and signifi- 
cance of the positive intradermal reaction to tobacco extract. Many of the 
thoughts expressed in this report are based on a study of more than 1000 vol- 
unteers, including adults and children, tested with 5 different tobacco extracts. 
Approximately 5000 intradermal reactions to tobacco extract were observed 
and studied in relation to personal allergy, familial allergy, symptoms related 
to tobacco smoking, peripheral vascular symptoms and, finally, plethysmo- 
graphic measurements of blood flow to the lower extremities and automatic 
reading of surface temperature. 

While the observations of Sulzberger, Harkavy, and others have verified 
the immunologic specificity of the skin reaction to tobacco, the clinical signifi- 
cance of the positive skin test is not always obvious. It must be admitted 
that certain difficulties are encountered in using any type of skin test as a 
means of diagnosis. The more important factors that must be considered in 
evaluating a positive intradermal reaction include the preparation and relia- 
bility of the extracts, the method of testing, the importance of the reaction in 
a single individual, and the correlation of the positive skin reaction to the 
allergen with the patient’s symptomatology. The tobacco extracts used in 
this study have been prepared by workers experienced in this field. Care was 
taken in the performance of the intradermal test and in the interpretation of 
the results in order to reduce to a minimum the possibility of nonspecific false 
positive reactions and other results of experimental error. 

Before presenting the results of this investigation, I shall state some funda- 
mental immunologic concepts that prompted my belief that certain tobacco 
effects are based on a specific allergic susceptibility of particular individuals, 
rather than on toxic products in the tobacco smoke. 

It is known that most forms of allergy affecting different parts of the body 
can be verified in many instances by observations of the skin after introduction 
of the allergen responsible for the disease. This is the first concept of fixed 
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specific skin hypersensitivity. The spontaneous allergies are marked by a 
hereditary tendency and the ability to produce skin-sensitizing antibodies that 
are responsible for positive tests with the suspected allergen. These skin- 
sensitizing antibodies relate the presence of sensitization in a variety of “shock 
organs.” 

This brings me to the second concept, the susceptibility of certain organs or 

_ parts of an organ of the body to certain allergens. I am aware of sensitivity 
to pollens and of their predilection for the mucous membranes of the naso- 
pharynx and the bronchial tree, with resulting seasonal coryza or bronchial 
asthma. Certain circulating allergens, particularly in foods and drugs, will 
cause disturbances of the skin, producing rashes, urticarial lesions and, at 
times, severe angiodema. Each allergen seems to have a particular attraction 
for certain tissues. 

According to the third concept, the results of antigen-antibody reactions 
bring about definite damage to the organ or parts of the organ affected. The 
Arthus phenomenon is a classical example of this concept. In recent years 
we have become more and more aware of organic damage, frequently perma- 
nent, that one encounters in the field of drug sensitivity. Among the most 
important effects in this area are those described by Rich,® reporting arteritis 
with fibrinoid changes due to drug reactions. Various blood dyscrasias have 
also been attributed to drug sensitivity. 

These fundamental beliefs led me to interpret my findings to indicate the 
existence of sensitivity to tobacco in susceptible individuals, manifested by a 
positive skin test to the tobacco, with the allergen having a predilection for 
the vascular system. 

The volunteers were skin-tested intracutaneously with the five different 
tobacco extracts. Approximately 0.02 cc. of the excitant was injected intra- 
dermally, and the site was observed for at least 20 min. to note the result of 
the test. The skin-test results were interpreted by the standards* proposed by 
Cooke.’ 

To eliminate questionable or irritant reactions, only the moderately and 
markedly positive reactions were considered positive for the purposes of this 
study. 

The tobacco extracts were prepared by Margaret B. Strauss, Allergy Lab- 
oratory, University Hospital, New York, N. Y. Burley, Virginia, and Turk- 
ish cured tobaccos were procured from a reputable tobacconist who could 
assure their purity of type for the preparation of these individual tobaccos. 

The usual routine in preparing an extract of allergen is to treat the crude 
mass with an organic solvent such as acetone, ether, toluene, or Sovasol in 
order to remove as much oil, fat, and coloring matter as possible before the 
aqueous extraction. In general, the oil and dye contain no antigenic fraction 
important to the inhalant type of allergies, and their removal produces a 

_ superior extract because it is clearer and less colored. The tobacco mass is 

_ then extracted in buffered saline (pH 7.0) for 2 days. After infiltration, the 
extract is dialyzed against buffered saline for 72 hours and then concentrated 


* Original wheal negative reaction: 0.2 to 0.3 cm. wheal. Slight reaction: 0.4 to 0.6 cm. 
Oa te GHi 1 to 1.5 cm. wheal. Marked reaction: 2 plus cm., with pseudo- 


“podia. 
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by allowing the extract, in cellophane sausage casing, to hang in front of an 

electric fan. After Seitz filtration and sterility tests, each extract was stand- 

ardized on a protein nitrogen basis, according to the method of Stull and 

Cooke.8 The tobacco extracts used for testing were in 1000 units phospho- 
: tungstic-acid-precipitable nitrogen strength. 

Eighty healthy adults tested with tobacco extract were studied in the New 
York University Research Service at Goldwater Memorial Hospital. The 
vascular responses of these persons were tested by automatic recording of 
surface temperature and by large-limb venous occlusion. plethysmograph in a 
room with constant temperature and humidity, under environmental condi- 
tions set at 20° and 25° C., with 55 per cent humidity. Measurements were 
taken before the subjects smoked a cigarette, and at 2-, 6-, and 20-min. in- 
tervals following the onset of the smoking procedure. Changes in blood flow 
greater than 2 cc./100 ml. of tissue per minute, and changes in surface tem- 
perature of at least 2° C., were considered significant. 

The results of testing 641 healthy volunteers and 294 children with 5 differ- 
ent tobacco extracts, Burley, Virginia, Turkish, mixed (nondefatted), and 
mixed (defatted), indicate the following: 

1) It was found that about 15 per cent of 641 adults reacted in a positive 
manner to one or more of the tobacco extracts. The percentage of reactions 
was essentially the same in smokers as in nonsmokers. 

2) An increased incidence of peripheral vascular symptoms was noted in the 
smokers with positive reactions to the tobacco, as compared with the smokers 
who did not react on skin-testing with the tobacco. 

3) Volunteers with positive reactions to the tobacco extracts reported a 
history of nontobacco-related allergic manifestation more frequently than the 
group with negative reactions. 

4) Of the smokers with positive skin reactions to tobacco extracts 33 per 
cent gave a personal history of allergic manifestations and peripheral vascular 
symptoms, as compared with 10 per cent of the smokers who did not react to 
the skin test with tobacco extracts. 

5) Eighty of the smokers with positive reactions to tobacco extracts were 
investigated further for circulatory disturbances by means of plethysmographic 
measurements of blood flow to the lower extremities and automatic recording 
of surface temperature. These tests were performed before, during, and after 
the smoking of a mixed-tobacco cigarette. These experiments indicated that, 
on smoking the mixed-tobacco cigarette, 23 per cent of the smokers with posi- 
tive skin tests to tobacco experienced changes in peripheral circulation indi- 
cated by skin temperature, as compared to smokers with negative skin tests, 
of whom 4 per cent had changes in skin temperature. 

6) In a group of 294 children between the ages of 1 and 5 years tested with 
the tobacco extracts,.11.5 per cent reacted in a positive manner to one or more 
of the tobacco extracts. In the small group of allergic children tested, 64 per 
cent gave evidence of skin sensitivity to the tobacco extracts as compared 
with 6 per cent of a nonallergic control group. 

7) It was found that a tobacco-positive individual could be sensitive to one 
or more types of tobacco but not sensitive to any other types. 
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8) Sex and age did not seem to play any role in the incidence of reactions to 
tobacco in the groups tested. 

I have interpreted these findings to indicate that if the positive test to 
tobacco were my only evidence I could not conclude that tobacco sensitiza- 
tion could be responsible for certain vascular diseases. However, when corre- 
lated consistently and closely with peripheral vascular symptoms, tobacco 
- Symptoms, and personal history of allergic manifestations, it is felt that skin 
testing with tobacco extracts serves as a useful “screening test” to aid in de- 
termining the possible importance of tobacco as an etiological factor in certain 
forms of vascular disease. 
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TOBACCO HYPERSENSITIVITY: PERIPHERAL 
CIRCULATORY IMPLICATIONS 


W. Redisch, K. Meckeler, W. Brown, J. M. Steele 
New York University School of Medicine, New York, N. Y. 


About 30 years ago!’ it was found that about 1 of 4 persons tested showed a 
decrease in surface temperature in response to smoking a cigarette. Later it 
was reported!:* that plethysmographically measured blood flow was diminished 
in about the same percentage of test subjects after smoking. Testing of skin 
sensitivity to tobacco extracts yielded 20 to 30 per cent positive results.°:7* 
The similarity in percentage figures obtained was responsible for an investiga- 
tion of possible relationship between skin sensitivity to tobacco extracts and 
vascular responses to the smoking of tobacco. 

In an initial study of 80 healthy smokers, one significant correlation was ap- 
parent: almost 90 per cent of those who had a negative skin test failed to show 
a decrease in total blood flow to the lower extremity. 

Since, however, blood flow responses to smoking observed in the lower ex- 
tremity seemed erratic in that some test subjects showed unequivocal increase 
in total flow, it soon became evident that it was necessary to devise at least a 
rough separation of skin flow and muscle flow. A method of differential pleth- 
ysmography has been developed in our laboratory on the basis of the rather 
constant difference between skin-mass/muscle-mass ratio in the foot and in the 
leg. The formula permits a rough estimation of skin flow and muscle flow by 
correcting for the most obvious errors (FIGURE 1). To be reasonably sure that 
differences were significant, we considered only changes of more than 30 per 
cent as important. 

Thus far 32 subjects, comprising 23 males and 9 females, have been tested 
with this method. Their ages ranged from 24 to 87, the average being 55. 
Seven of the 32 subjects exhibited some evidence of obliterative arteriosclero- 
sis, while the remainder had no demonstrable vascular disease. 

Seven of the group were significantly sensitive to one or more specific tobacco 
extracts. Skin and muscle flow responses of these 7 subjects were tested for 
the smoking of tobacco types to which their skin was sensitive. None showed 
an increase in skin flow, 1 listed as no change in skin flow had, in fact, an in- 
significant decrease, and 6 had a significant decrease (TABLE 1). 

In contrast, of the 25 subjects who showed no skin sensitivity, 8 showed an 
increase in skin flow, 15 showed no change and only 2 had a decrease (TABLE 2). 

Surface temperatures were recorded quasi-continuously in all experiments 
until they became constant, to insure that adaptation to the environment had 
taken place. The environment was kept constant at 23° C. to 24° C. and at 
55 per cent humidity. There was some degree of correlation, in a qualitative 
sense, between surface temperature and skin flow responses. 

We are aware of the fact that our group is small. However, in 6 of the 7 
skin-positive subjects, skin blood flow unequivocally decreased. As soon as 


larger numbers are available, separation in the various groups and statistical 
evaluation will be done. 
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TABLE 1. 
Skin flow Muscle flow 
Decrease Ans Increase | Decrease Eye Increase 
Total allergic 7 6 1 0 1 2 4 
No OAS 6 5 1 0 1 1 4 
OAS 1 1 0 0 0 1 0 
TABLE 2. 
Skin flow Muscle flow 
Decrease Bide Increase | Decrease owe Increase 
- Total non-allergic 25 2 15 8 2 12 11 
No OAS 19 1 10 8 2 9 8 
OAS 6 1 5 0 0 | 3 3 
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The following preliminary conclusions seem justified: 

1) Vascular responses to tobacco in the lower extremities may be different 
in skin and muscle; there may be decrease, no change, or increase in flow in | 
varying combinations. 

2) Almost every subject whose skin shows positive reactions to tobacco ex- 
tracts shows a decrease in blood flow after smoking the tobacco to which his 
skin is sensitive. 

3) Most subjects whose skin is not sensitive to tobacco extract have either 
no change or an increase in skin flow in response to smoking. 

4) Changes in muscle flow do not seem to be correlated to skin allergy in any 
way. 

One might, in the light of J. Harold Burn’s investigations reported elsewhere 
in these pages, speculate on the possibility that people with “tobacco-allergy” 
perhaps handle their catecholamines differently from the nonallergic individual. 
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Part IV. Action of Nicotine and Smoking on Coronary Circulation 


PHYSIOLOGY OF THE CORONARY CIRCULATION 
Donald E. Gregg 


Department of Cardiores piratory Diseases, Walter Reed Arm y Institute.of Research, 
Washington, D. C. 


I propose to discuss first two considerations that are basic to an understand- 
ing of coronary function. These are the control of coronary flow and the con- 
trol of oxygen usage of the heart of the open-chest dog during systole, when it is 

contracting, as compared with that during diastole, when it is relaxed. Then 
I shall discuss a general pattern of response of the coronary circulation to vari- 
ous stress states when the measurements are made jn the recumbent dog or 
human in the anesthetized or unanesthetized condition. Finally, I shall intro- 
duce data on coronary flow taken in the unanesthetized and strongly exercising 
dog. This last consideration should throw some light on the coronary flow 
response to the stimuli of every day activity and living. 

The first consideration is the separation and quantitation of the determinants 
of coronary flow in the myocardium. This has been most difficult. It involves 
the separation of the vasomotor action of the small mass of intrinsic smooth 
muscle built into the coronary blood vessels, which is effective throughout a 
cardiac cycle, from the mechanical effect exerted only during ventricular systole 
by the large muscle mass around the coronary vessels. This fractionation is of 
extreme importance since, under normal conditions, the only other major factor 
affecting coronary flow is central coronary or aortic pressure, which does not 
usually change greatly even in exercise. Actually, it is relatively ineffective in 
controlling coronary flow. It is estimated that doubling the aortic blood pres- 
sure might double the coronary flow, but doubling the average radius of the 
coronary bed increases coronary flow about 16 times (FIGURE 1). 

Recently a technique has become available for separation and quantitation 
of the mechanical factors governing coronary flow from those factors having 
a direct action on the smooth muscle of the coronary bed. In the open-chest 
dog, the left coronary artery is perfused with blood under a constant pressure 
approximating the mean aortic pressure, and the left coronary inflow is quanti- 
tated by a rotameter. Continuous measurements are made first in the beating 
heart, and then are made during ventricular asystole, induced either by periph- 
eral vagal stimulation in the neck or by disconnecting an external pacemaker 
driving the ventricles, in which complete arteriovenous (AV) heart block had 
been surgically produced earlier in the experimental day. In both cases the 
mechanical effects of ventricular contraction are largely removed.! 

FicureE 2 illustrates that induction of ventricular asystole by vagal stimula- 
tion always increases immediately (within 1 sec.) left coronary inflow, in this 
instance from 123 to 150 cec./min., and also increases the coronary sinus flow 
after a 1 to 2 sec. delay. Thus ventricular contraction acts to impede coronary 
flow through the ventricular wall. The extent of the rise of flow is taken to 
represent the magnitude of the mechanical or passive factors limiting coronary 
flow. The magnitude of this mechanical throttling effect on coronary flow dur- 
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Ficure 1. Determinants of coronary flow, in which the tube represents the mean coro- 
nary bed with its contained smooth muscle; P,-P2 is the pressure drop across the coronary 
bed; R is the sum of the resistances imposed by the intravascular smooth muscle and the 
myocardial mass. 
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Ficure 2. Effect of vagal cardiac arrest for 12 sec. on the left coronary inflow and coro- 
nary sinus flow when the coronary artery was perfused at a constant pressure of 83 mm. Hg.! 
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ing systole normally varies from 31 to 300 per cent and averages about 50 per 
cent. The new flow level represents that state of coronary dilatation related to 
the condition of the intrinsic smooth muscle of the coronary vessels at the pre- 
vailing coronary pressure.2 

TABLE 1 illustrates the relative contribution of extravascular and intravascu- 
lar resistance to an increase of coronary flow under different conditions. With 
increased heart rate, extravascular resistance rises but intravascular resistance 
falls to a greater extent, so that there is a decrease in net coronary resistance. 
Following a decrease in arterial blood oxygen saturation, coronary flow rises as 
a result of a decrease in both extra- and intravascular resistance, but even here 
only 40 per cent of the flow increase comes from a decreased extravascular re- 
Sistance. With aortic constriction, transfusion, and intracoronary injection of 
epinephrine, norepinephrine and isoproterenol, there is no change in extravascu- 
lar resistance, but intravascular resistance decreases considerably. Thus, in 
these instances the major portion of a flow increase is through active vessel 
dilatation and not through reduction in extravascular resistance.2.3 4 


TABLE 1 


EFFECT OF DIFFERENT VARIABLES ON THE FRACTIONATION OF CONTROL OF 
CoRONARY FLow sy INTRAVASCULAR AND EXTRAVASCULAR MUSCLE 


Extravascular contribution | Intravascular contribution 
to coronary flow increase to coronary flow increase 


/ Heart rate (90 to 240) — 100% +200% 
\Arterial blood oxygen saturation +40% +60% 
/ Arterial blood pressure by aortic clamp 0% +100% 
Z Venous return by infusion : 0% +100% 

Epinephrine, norepinephrine, isopro- 0% +100% 


terenol (intra cor) 


The second consideration is the identification of the determinants of myo- 
cardial oxygen usage. This is also most difficult, and our knowledge is suffi- 
cient only to permit discussion of the subject. We know that the myocardium 
takes up oxygen during both systole and diastole. With our presently poor 
methodology, separation can be made only by measuring oxygen uptake, first 
in the beating heart during repetitive systoles and diastoles, and then in the re- 
laxed heart or during prolonged diastole and, finally, obtaining the oxygen us- 

during systole by difference. 

cession of eaten of the myocardium in the absence of a heart 
beat, that is, during prolonged diastole, has been made in the vagal arrested 
heart as previously described. The oxygen saturation of the arterial blood 
and coronary sinus blood was also measured continuously. This permitted 
left coronary arteriovenous oxygen difference as well as coronary inflow to be 
measured continuously, first in the beating heart, and then in the stopped heart, 
until a new equilibrium had been established, usually within 20 to 25 sec. 

Typical results are shown in FIGURE 3. As coronary inflow rises immediately 
with asystole from 70 to 90 cc./min., the oxygen saturation of blood in the 
coronary sinus also rises from a low control value of 44 per cent to a very high 
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value of 81 per cent, thus greatly reducing the coronary arteriovenous oxygen 
difference. Box. 
Calculations in many experiments show that as the result of the combination 
of increased coronary flow and decreased coronary arteriovenous oxygen differ- 
ence, the average oxygen usage/100 gm. left ventricle/min. decreases from the 
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Ficure 3. Effect of vagal cardiac arrest on left coronary inflow and coronary sinus oxygen 
saturation while the coronary artery was perfused at a constant pressure. Four heart beats 
occurred during the 30 sec. of arrest.® 


TABLE 2 


OxyGEN USAGE OF THE LEFT VENTRICLE BEFORE AND DURING STOPPAGE OF 
Its EXTERNAL WorK BY Four PROCEDURES 


(cc. O2/100 gm. Left ventricle per min.) 


Before During % 
Vagus 8.1 ae 30 
Potassium Ta 2.0 27 
Hemorrhage 8.8 3.4 40 
Ventricular fibrillation 8.0 3.8 47 


average control level of 8.1 ml. in the beating heart to 2.3 ml. in the resting 
heart, or to 30 per cent of the control (TABLE 2). Individual values range from 
1.0 to 4.0 ml. This oxygen consumption in diastole is about one third that in 
systole for an equivalent time period. 

Attention is also directed to the values for oxygen usage obtained in the same 
type of preparation but in which the external work of the heart was reduced to 
zero by other means. In the potassium-stopped heart, the oxygen usage of 2 
ce. during diastole is about the same. In the beating heart emptied by suction 
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and hemorrhage and in the fibrillating heart, the oxygen usages of 3.4 and 
3.8 cc. are much greater. 

These oxygen values have some interesting characteristics. The oxygen up- 
take during vagal arrest or removal of the artificial pacemaker is unaffected by 
the ventricular diastolic size. In any one experiment, the value is not fixed 
but varies greatly with the control metabolic level in the beating heart. With 
intracoronary artery epinephrine or norepinephrine injection, the values are 
especially high and may equal 50 per cent of those in the control state. 

Attention is directed to at least one implication of such experiments. As in 
any other muscle, the mechanical efficiency of the heart is estimated by divid- 
ing the external work of the ventricle by the difference between the energy 
equivalent of its oxygen usage while beating and at rest. If the experimentally 
measured oxygen value of 2.3 ml./min. approximates the resting metabolism 
of 100 gm. of left ventricle, while the oxygen uptake in the beating heart ap- 


TABLE 3 


CALCULATION OF VENTRICULAR EFFICIENCIES, TAKING INTO ACCOUNT THE 
Oxycen Usep WHEN THE Heart Was Dornc No ExtTERNAL Work 


Effect of Resting O2 Usage on Calculation of Cardiac Efficiency 


Left ventricular (kg.-m./min.) (100) 


LS ie (Total left ventricular O2 used — resting O» used) 2.057 
Efficiency = ra (100) = 15% 

, Te 
Efficiency — Rol aes (100) = 22% 


1-2 


proximates 8.1 ml., then calculation of ventricular efficiency without consider- 
ing the diastolic metabolism is in serious error. For example, if a cardiac effi- 
ciency without such correction is 15 per cent, then inclusion of the correction 
would increase the calculated efficiency from 15 to 21 per cent (TABLE 3).° 

Adjustment of the mechanical efficiency of the left ventricle by this amount 
may not be sufficient. Instead of using vagal stimulation to stop the external 
cardiac work, one can empty the heart rapidly by hemorrhage and suction and 
thus obtain a nonworking but empty heart. Here the average oxygen usage, 
3.4 ml./100 gm./min., is considerably greater than that with vagal asystole. 
Such values are often still higher, since they vary not only with the preceding 
level of metabolism of the heart beating and doing external work, but also 
with the prevailing frequency in the empty heart. Correction of the mechan- 
ical efficiency of the left ventricle on this basis obviously gives a still higher 
efficiency (26 per cent). 

For reasons such as these, then, until the oxygen usage of the myocardium 
doing no external work is known under various physiologica! conditions, calcula- 
tion of or reference to cardiac efficiency would seem to be premature. 

The preceding gives some idea of the fractionation of the control of coronary 
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flow and oxygen uptake within the myocardium during a cardiac cycle. The 
third consideration is concerned with the over-all control of the coronary circu- 
lation. There are actually certain general patterns of hemodynamic responses 
of the heart and coronary circulation which follow primary changes in stress. 
The information has been obtained from both humans and animals and has 
been assembled from many laboratories (FIGURE 4). With increased arterial 
CO, content or decreased blood pH, with short periods of ischemia, mild ane- 
mia, and anoxia, there is little or no change in systemic dynamics or myocardial 
oxygen usage. Except for the first two instances, however, coronary vascular 
resistance is decreased and oxygen consumption is unchanged as the result of the 
combination of an increased coronary flow and a decreased coronary arterio- 
venous oxygen difference. When the primary change in stress is an increased 
heart rate, increased venous return (whole blood transfusion), increased cardiac 
work, aortic coarctation (moderate), thyrotoxicosis, cardiac action of fibers 
from the sympathetic nerves, intravenous injection of epinephrine or norepi- 
nephrine, severe anemia or anoxia, there is an increase in cardiac work and 
cardiac oxygen usage. Concurrently, coronary flow increases while coronary 
vascular resistance decreases. In situations of primary decrease in stress such 
as hemorrhagic hypotension, hypothermia, and extreme heart failure, the car- 
diac work and oxygen consumption decrease, as does the coronary inflow. An 
exception to this general picture of coronary compensation to changing stress 
is that of complete aortic coarctation, which may be characterized by a reduc- 
tion in the output and work of the heart and by an increase in left coronary flow 
and oxygen usage. A second exception is that of chronic hypertension, in 
which the cardiac work is increased but cardiac output, oxygen usage, and left 
coronary flow are unaltered, while coronary resistance to flow increases.® 

Is there one over-all unifying mechanism controlling coronary flow? Is there 
another mechanism controlling the oxygen usage of the myocardium? The 
answers have been sought for many years. Although in most instances coro- 
nary flow follows a primary increase or decrease in cardiac stress, that is, cardiac 
work and cardiac output, there are exceptions, as we have seen. However, cor- 
relation of coronary flow with oxygen usage is excellent, the exceptions being 
ischemia, mild anemia, and anoxia. This relationship is understandable since 
the oxygen consumption is derived from the product of the coronary flow and 
the coronary arteriovenous oxygen difference. Normally, most oxygen is re- 
moved from the coronary blood and the level of coronary sinus oxygen is usually 
fairly constant under stress; that is, it does not change more than 10 to 15 per 
cent. In those instances in which the coronary arteriovenous oxygen difference 
increases or decreases by this amount, it does not greatly affect the relation of 
coronary flow to oxygen usage since the change is very small relative to the 
magnitude of the coronary flow change. 

It would be expected that the oxygen consumption during systole, when ven- 
tricular muscle is shortening and developing tension, would depend in some way 
on the dynamic adaptation of the ventricle to its work. The presence of some 
such correlation was first illustrated by the experiments of Evans and Matsu- 
oka,’ and of Starling and Visscher,’ indicating in the isolated heart a linear re- 
lation between diastolic volume and oxygen usage. More recently,’ it has been 


151 


Gregg: Physiology of the Coronary Circulation 


"SS9I]S JO So}¥}S SNoIIeA 0} sasuodsaz A10yeMIIID “F AANOLY 


ee Zo a-e *1O0D¢ ss. Zo A-8 "100, be ao ee andind oBTPIBD, 


rae see Fae aseasTp TeTNOsBAOTPIED aaTsuezIedsy 


~~ 
¢(aaargx0) amTpex z1e8q 


zufxoue pue wymeue araseg 
‘AI eupaqdeuydazou pus 
ee rae hn eS pe Nee auyr@deutds ‘saareu oy,eq;edmhs oeTprEg 
STSODFXOZOLANY “ (eTrm) °38{OIBCD DT7I0y 
"MO (uoTSnzsuEr3) 09 , ~~ ‘ayer y.reoH mm 


ey | -[-j-[-— y poora\ “00 rea 
Desl) Ota °a : YIOM 
°s8 “x ov 
Se ee ee ee 


NOLLIGNOO 


SGLVIS SSHUIS OL SASNOdSTY AMOLVINOUTO 


152 Annals New York Academy of Sciences 


found that oxygen usage correlates best with the total tension developed by the 
left ventricle. It is believed, however, that final decision as to whether any of 
these determinants of oxygen usage is primary or empirical must await the 
necessary measurements under normal conditions without anesthesia or surgi- 
cal insult. 

In closing, I add a word of caution. Most of the information we have con- 
sidered is based upon observations in the open-chest dog under stress states. 
It is not known to what extent it applies to normal situations, since it has been 
obtained under conditions far removed from normal as the result of insults from 
anesthesia, surgery, and trauma. It is true that semiquantitative values for 
coronary flow and oxygen usage are available in the resting human and dog. 
No information exists, however, in normal humansand animals, as to the regula- 
tion of the coronary circulation exposed to the stresses of every day life, such 
as exercise and excitement. 

A start is being made in alleviating this situation. Successful direct measure- 
ments of coronary flow have been made in normal unanesthetized dogs during 
the last year. Some of these measurements have been made by applying chron- 
ically an appropriate electromagnetic flow meter (a somewhat modified Kolin 
type) directly to the circumflex branch of the left coronary artery. Although 
this gives correct flow values, very often it causes thrombosis within a few days 
because of the violent heart action. To remove the flow probe to a quiet area, 
R. J. Hall, of our laboratory, has anastomosed the left internal mammary artery 
to the left coronary artery of dogs, using a nonsuture technique so that there is 
intimal to intimal contact (FIGURE 5). The anastomoses in 22 of 25 such dogs 
have been demonstrated to be patent and without myocardial infarction up to 
the time of sacrifice, which was 12 to 18 months after operation. Thisis thus a 
standardizable technique. 

Its use is shown in the last figure. Illustrated in ricuRE 6 are the changes 
in phasic coronary flow in such a dog 15 months after construction of the 
anastomosis and 7 weeks after implantation of the electromagnetic flow meter 
probe. First, the dog stood on a treadmill, then ran for 3 min. at 12 mph at a 
5 per cent grade and, finally, he stood at rest. Although not measured, the 
blood pressure and cardiac output obviously rose in this dog as they have in 
other dogs. A pulse pressure pattern has been sketched in for orientation pur- 
poses. The control flow is 46 cc./min., most of this occurring during diastole. 
Within 15 to 20 sec. after the onset of exercise, the changes in the coronary flow 
response are complete and do not change further during the 3-min. period of 
exercise. The changes include an increase in heart rate from 80 to 220/min., a 
reduction in duration of both systole and diastole per beat, an increase in mean 
flow from 46 to 111 cc./min., as the result of a large reduction in systolic flow 
and an increase in diastolic flow per beat, and accentuation of back flow during 
systole. Calculation shows that the flow per heart beat is mildly decreased; 
hence the mean flow increase is entirely on the basis of the increase in heart rate. 
Within 5 sec. after sudden stoppage of the treadmill, the patterns and flow have 
started to revert toward normal, and the return to normal is completed within 
about 7 min. The last record was taken so that a comparison could be made 
between the maximum diastolic rate of flow during exercise and that during re- 
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active hyperemia. It was taken shortly after the 7-min. recovery period and 
immediately following a 5-sec. occlusion, by a pneumatic cuff, of the coronary 
artery in which flow was being measured. Despite the slower heart rate, maxi- 
mum diastolic flow during reactive hyperemia is about the same as that during 
exercise. 

The control coronary flow patterns in these dogs are generally similar to those 
obtained many years ago in the open-chest dog in which coronary flow was 
measured with an orifice meter. As shown here the coronary flow response to 
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Ficure 5. Schematic drawing showing anastomosis of internal mammary artery to left 
circumflex coronary artery. 


exercise is not the response that one observes when the workload of the heart 
is increased by transfusion or elevation of aortic pressure by aortic constriction. 
It is similar, however, to a combination of the effects observed resulting from a 
mechanical increase in heart rate by means of an artificial pacemaker and from 
the augmentation of cardiac contractility resulting from stimulation of the 
cardiac fibers from the left stellate ganglion, or following the intracoronary in- 
jection of epinephrine or Levophed. Such responses were obtained 15 years 
ago in the open-chest dog, using an orifice meter to measure the coronary nO 

We are finding this to be a very useful tool for the study of the normal coro- 
nary circulation in the active dog. I predict that such studies will lead to some 
recasting of our present concepts of the control of the coronary circulation. 
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Unfortunately, at present sufficient data has not accumulated to warrant any 
further statement. 


10. 
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CARDIAC EFFECTS OF INTRACORONARY ARTERIAL 
INJECTIONS OF NICOTINE* 


Samuel Bellet, James W. West, Santiago V. Guzman 


Department of Pharmacology, School of Medicine, University of Pennsylvania, and 
the Division of Cardiology, Philadelphia General Hos pital, 
both in Philadelphia, Pa. 


The purpose of this study was to determine the cardiac effects of nicotine 
by direct coronary artery injection. This method has the advantage of eluci- 
dating certain direct cardiac effects independent of systemic changes. The 
procedure previously described from this laboratory involves the ability to 
inject minute amounts of drugs or dye into various coronary branches of dogs 
without opening their chests or interfering with perivascular nerves.’ 


Methods and Material 


The experiments were performed on 33 normal adult mongrel dogs, weighing 
20 to 30 kg. each, under light anesthesia by pentobarbital, 30 mg./kg., intra- 
venously. Systemic blood pressure was recorded from the femoral artery using 
a Sanborn electromanometer and a direct-writing Sanborn polyviso recorder. 
The electrocardiogram was continuously monitored in the same recorder using 
a precordial lead V;. In some experiments, myocardial contractility was 
measured by means of a Walton strain gauge sutured directly on the exposed 
surface of the ventricle. The cardiomyogram was recorded in the same multi- 
channeled Sanborn polyviso recorder. Coronary blood flow was measured as 
outflow from the coronary sinus in the intact animal by a cannula passed 
through the external jugular vein into the coronary sinus. 

Catheterization of coronary sinus was accomplished in the intact animal by 
a special coronary sinus catheter inserted by way of the external jugular vein 
under fluoroscopic guidance. The catheter was provided with multiple open- 
ings at the tip and an inflatable balloon for securing it in the coronary sinus. 
Catheterization of the main branches of the coronary arterial tree, right, left, 
and anterior descending and left circumflex branches was accomplished under 
fluoroscopic guidance. The chest was intact in all experiments, except those 
involving the Walton myocardiograph. 


Results 


Effects on myocardial contractility. A total of 86 observations were made on 
15 dogs. In most cases the strain gauge was attached to the anterior surface 
of the left ventricle and nicotine was injected into the left anterior descending 
branch. In all 15 dogs, injections of nicotine ranging from 0.2 to 2.2 ug./kg. 
resulted in an increase in contractility ranging from 40 to 90 per cent, with an 
average increase of 75 per cent. A similar increase in contractility was also 
observed in the right ventricle and in the posterior aspect of the left ventricle. 
When nicotine was injected into the corresponding artery, the right coronary 

* The work described in this paper was supported in part by research grants from the 


Tobacco Industry Research Committee and from the Life Insurance Medical R: 
both in New York Nev. nsurance Medical Research Fund, 
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and the left circumflex respectively, the increase in force of contraction was 
accompanied by electrocardiographic changes consisting of S-T depression and 
T-wave inversion (FIGURE 1). An increase in systemic blood pressure was 
also seen occasionally. Tetraethylammonium (TEA), when injected into the 


EFFECT OF NICOTINE AND EPINEPHRINE ON MYOCARDIAL CONTRACTILITY 
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Ficure 1. Effects of nicotine and epinephrine injected into left anterior descending 
branch. The records (from /op) taken from two different experiments show: epicardial lead, 
myogram (strain gauge attached to the anterior surface of the left ventricle), lead 2, and 
femoral arterial blood pressure. Note the marked increase (top) in the height of contraction 
accompanied by S-T wave changes in the electrocardiogram following nicotine injection. 
Bottom shows that these effects of nicotine are essentially similar to the positive inotropic and 
electrocardiographic effects of epinephrine when injected into the same site. Speed of re- 
corder is 25 mm./sec. Reproduced by permission of Circulation Research. 
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same site, completely prevented the stimulating action of nicotine on myo- 
cardial contractility, as well as the accompanying electrocardiographic effects. 
Right coronary artery. Nicotine, when injected into the main right coronary 
artery in 6 dogs, produced transient periods of sinus arrest, sinus bradycardia, 
atrial fibrillation, and occasional sinus tachycardia. a 
Left anterior descending branch. Small doses of nicotine produced only S-T 
segment depression or S-T depression and inversion of the T waves. 


The Effect of Nicotine on Coronary Blood Flow 
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FicurE 2. Coronary sinus blood flow after coronary arterial injections of nicotine. The 
responses plotted in the graph represent the peak changes (increases) observed immediately 
after coronary arterial injections of nicotine. Left anterior descending injections prior to 
atropine or vagotomy produced essentially no increase in coronary flow; however, after 
atropine or vagotomy, left anterior descending injections increased coronary artery flow. 
Left circumflex injections increased coronary artery blood flow. Heart rate and blood pres- 


sure remained constant during these effects of nicotine. Reproduced by permission of Circula- 
tion Research. 


Left circumflex branch. Nicotine produced S-T and T-wave changes and 
transient periods of complete AV heart block, with temporary cessation of 
ventricular beats followed by nodal escape. 

Bezold-Jarisch effect. Larger doses of nicotine (1.2 to 2 ug./kg.), when in- 
jected into the anterior descending or circumflex branch of the left coronary 
artery, produced transient periods of sinus arrest or sinus bradycardia, with or 
without AV heart block. These effects were accompanied by hypotension. 

Blocking procedures. Bilateral vagotomy completely abolished the Bezold- 
Jarisch effects resulting from left coronary arterial injection of nicotine. How- 
ever, the AV block accompanying left circumflex injection still persisted. 
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Atropine abolished all cardiac inhibition produced by nicotine from right and 
left coronary arterial injection, but did not prevent the concomitant hypoten- 
sion. TEA completely blocked all the effects of intracoronary injection of 
nicotine. 

Effects on coronary blood flow. In no case was there any sign of direct coro- 
nary vasoconstriction by nicotine. In 5 dogs, following left circumflex injec- 
tion, there was an increase from 8 to 42 per cent in the coronary blood flow, 

' with an average increase of 19 percent. Following injection to the left anterior 
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FicurE 3. A catheter in the coronary sinus (C.S.) with another catheter in the rig 
ventricle (R.V.) is illustrated in the photograph. The picture on the left was obtained from 
an X ray; sketch of the X ray is seen on the right. Dog is placed in the right anterior oblique 
position. 


descending branch, there was essentially no change in coronary blood flow 
(FIGURE 2). re ge 
There was no evidence that any dose of nicotine injected into the three main 
coronary branches produced constriction of the coronary arteries. Measure- 
ment of coronary sinus outflow showed a decrease only when the blood pressure 
fell as a result of marked ventricular slowing (FIGURE 3). Positive chronotropic 
and inotropic effects were accompanied by increases in coronary blood flow. 


Summary 


Intracoronary arterial injections of nicotine in lightly anesthetized dogs 
elicited parasympathetic, sympathomimetic, and Bezold-Jarisch responses. 
The nature of these responses are discussed above. 
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Tetraethylammonium chloride completely blocked the effects of nicotine on 
myocardial contractility, coronary blood flow, electrocardiogram, and blood 
pressure. Atropine abolished all the cardiac inhibition induced by nicotine 
from the right and left coronary arterial injections, but did not prevent the 
change in blood pressure (hypotension) elicited from left coronary artery injec- 
tions. Bilateral vagotomy completely abolished the Bezold-Jarisch effects 
resulting from left coronary arterial injections of nicotine, but did not prevent 
the effects of injection into the right coronary and left circumflex branches of 
the S-A and AV nodes, respectively. There was no evidence of coronary 
vasoconstriction as indicated by a decrease in coronary blood flow following 
intracoronary arterial injections of nicotine. 

The results indicate that chemoreceptors, parasympathetic and sympathetic, 
or sympathetic-like ganglia (chromaffin tissue) affected by nicotine, are present 
in the heart, and that the type of response depends on the predominant ganglia 
or receptor stimulated at the site of injection. 
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ACTION OF NICOTINE AND SMOKING ON CORONARY 
CIRCULATION AND MYOCARDIAL 
OXYGEN UTILIZATION 


Gerald A. Kien and Theodore R. Sherrod 
Department of Pharmacology, University of Illinois, College of M edicine, Chicago, Il. 


Introduction 


The alterations of the electrocardiogram (von Ahn, 1954; Russek et al., 1955) 
and the ballistocardiogram (Davis et al., 1953, 1956; Henderson, 1953) that fol- 
low inhalation of cigarette smoke or administration of nicotine have generally 
been thought to result as a consequence of either coronary artery constriction 
or an increase in the work of the heart beyond the capacity of the coronary ar- 
teries to supply the necessary metabolic requirements of the myocardium. It 
has been adequately demonstrated, however, that cigarette smoke inhalation 
by the normal person results in a significantly increased coronary blood flow 
with no significant increase in myocardial substrate or oxygen utilization (Bar- 
gerson ef al., 1957). An increase in coronary blood flow following administra- 
tion of cigarette smoke or nicotine has also been demonstrated jn the intact dog 
(Kien et al., 1957, 1958; Schmitthenner ef al., 1956), in the heart-lung prepara- 
tion (Mansfield and Hecht, 1933), and in the isolated perfused rabbit heart 
(Laubry ef al., 1933). These findings fail to support the concept that nicotine 
administration or cigarette smoke inhalation causes coronary artery constric- 
tion in the normal heart. It has been shown, however, that while nicotine 
caused an increase in coronary flow in the normal isolated perfused rabbit heart, 
it caused a marked diminution of coronary flow in the atherosclerotic rabbit 
heart (Rinzer ef al., 1956). 

Administration of nicotine or cigarette smoke to the open chest anesthetized 
dog results in an increase in blood pressure. Cardiac output and heart rate 
changes were found to be variable; however, calculations based on these meas- 
urements revealed a consistent increase in the level of cardiac work (Kien ef al., 
1958). The inability of the coronary arteries to dilate sufficiently to supply the 
increased metabolic requirements of the myocardium as a consequence of its 
increased workload has been suggested as the cause of the adverse electrocardio- 
graphic manifestations of cigarette smoke inhalation or nicotine administration. 
It has been demonstrated (Bellet ef al., 1941) that in dogs with ligated coronary 
arteries the amount of nicotine necessary to elicit electrocardiographic altera- 
tions was markedly less than that required to elicit these changes in the normal 
dog. When the ability of the coronary arteries to compensate for an increased 
workload is impaired, such as in the atherosclerotic heart (Rinzer et al., 1956), 
or in the heart with ligated coronary arteries (Bellet et al., 1941), administra- 
tion of cigarette smoke or nicotine elicits an adverse change in the dynamics 
and in the electrical activity of the myocardium. 

Earlier investigations revealed that administration of cigarette smoke or 
nicotine to the open-chest anesthetized dog resulted in increases im the cardiac 
workload and in myocardial oxygen utilization (Kien e/ al., 1958). The tem- 
poral occurrence and the severity of the electrocardiographic manifestations did 
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not appear to be related to the changes in cardiac work. In several cases, 
marked electrocardiographic alterations occurred in the absence of changes in 
cardiac work and, in contrast, pronounced changes in cardiac work sometimes 
occurred in the absence of electrocardiographic changes. Although the increase 
in cardiac work may contribute to the severity of the cardiac effects of cigarette 
smoke or nicotine administration, it is doubtful that this is the sole contributing 
factor. 

This communication deals with a quantitative evaluation of the relationship 
between the electrocardiographic alterations and changes in cardiac dynamics 
following administration of a controlled dose of cigarette smoke, nicotine or 
epinephrine to the open-chest anesthetized dog. 


Methods 


Dogs weighing 12 to 20 kg. were anesthetized by intraperitoneal administra- 
tion of pentobarbital sodium (30 mg./kg. body weight). A tracheal cannula 
was inserted and the dog maintained on room air by means of a positive pres- 
sure respirator. A metal sound of small diameter was inserted into the aorta 
by way of a corotid artery and blood pressure was measured by means of a 
pressure transducer. 

Coronary blood flow was measured by means of a Shipley rotameter (Ship- 
ley and Wilson, 1951) which was interposed between a femoral artery and the 
circumflex branch of the left coronary artery. Preparation of the animal for 
this measurement was as follows: A thoracotomy was performed at the fourth 
intercostal space. The pericardium was incised over the left artrium and the 
auricular appendage was retracted from the field. An incision was made in 
the epicardium over the circumflex branch of the left coronary artery immedi- 
ately distal to its bifurcation with the anterior descending branch. A 1-cm. 
section of the artery was freed and cannulated with polyethylene tubing, to 
which was connected the outflow arm of the rotameter. Heparin sodium (10 
mg./kg. body weight) was used as the anticoagulant. Arterial blood was sup- 
plied to the rotameter from a femoral artery. Cannulation was usually ac- 
complished within 1 or 2 min. after ligation of the coronary artery. 

Blood pressure, coronary flow, and the electrocardiogram were simultane- 
ously recorded. Cardiac output was determined by the direct Fick procedure. 


Cardiac work was determined by making use of the following formula (Gregg, 
1950): 


mV? 
W = QR + bis 
where W = work of the left ventricle in gram-meters per beat, Q = mean 
cardiac output in cubic centimeters per beat, R = mean aortic pressure in 
meters of mercury, m = mass of blood ejected in grams, and g = gravity fac- 
tor, 9.8 meters per second per second. 

The mean velocity of the blood during systolic ejection was determined by 
means of the equation: 
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where V = velocity of the blood at the base of the aorta in centimeters per 
second, d = duration of systolic ejection in seconds, and A = cross-section area 
of the base of the aorta in square millimeters. 

Cardiac oxygen consumption per minute was measured as the product of 
the coronary blood flow per minute and the cardiac arterio-venous oxygen dif- 
ference. Coronary venous blood samples were obtained through a soft Koro- 
seal catheter, which was inserted into the distal end of the great cardiac vein 
by way of the external jugular vein, the superior vena cava, and the coronary 
sinus. The cannula was guided by manipulation of the heart and its position 
was confirmed at the termination of each experiment. Coronary venous blood 
was allowed to flow freely from the catheter and was returned to the dog at fre- 
quent intervals via a femoral vein. Arterial blood samples were obtained from 
‘the thoracic aorta by means of a catheter inserted through a femoral artery. 
Arterial and venous blood samples of 4 ml. were collected simultaneously un- 
der anaerobic conditions in glycerinized glass syringes, to which mercury was 
added to facilitate mixing of the cells. Mixed venous blood was obtained by 
direct puncture of the right ventricle. The blood samples were immediately 
refrigerated until analyzed for blood oxygen according to the method of Van 
Slyke and Neill (1924). 

Cigarette smoke was administered to the dog by placing a standard brand, 
“king-sized” nonfiltered cigarette in a holder adapted to fit the inflow arm of 
the positive pressure respirator. The respirator was adjusted to deliver 5 in- 
termittent aliquots of cigarette smoke over a 30-sec. period, with the total 
quantity of smoke delivered between 1200 and 1500 ml. The cigarette smoke 
was then discontinued and the dog again respired room air. Nicotine 
base, in a dose of 20 ug./kg. body weight, and epinephrine chloride in a dose of 
5 ug./kg. body weight, were administered intravenously. 

In exploration experiments, duplicate measurements of cardiac work and 
cardiac oxygen utilization were made during the control period. Cigarette 
smoke or the drugs were administered, and cardiac work and cardiac oxygen 
utilization were measured only at the onset of the electrocardiographic changes. 
Statistical analyses were made on the basis of a paired analysis of the control 
and experimental values obtained at the time of the electrocardiographic altera- 
tions. Since there was great variability in the changes in cardiac work and 
cardiac oxygen utilization, the result of an individual experiment was consid- 
ered significant if the change due to cigarette smoke or drug administration was 
greater than two times the variation observed in duplicate control measure- 
ments; this value was in excess of two standard deviations of the total varia- 
tions in the control values. 

Subsequent experiments were designed to obtain continuous measurements 
of these cardiac parameters. Withdrawal of blood samples and measurements 
of blood pressure, coronary blood flow, and the electrocardiogram were started 
1 min. prior to administration of cigarette smoke or the drugs. The measure- 
ments were continued throughout the period of drug effect. Coronary venous 
blood was withdrawn continuously and samples representing 10-sec. intervals 
were analyzed. For the measurement of cardiac output, consecutive samples of 
30-sec. periods were obtained. The blood withdrawn was replaced with an 
equal quantity of heparinized blood from a donor dog. 
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Our earlier investigations have demonstrated that the electrocardiographic 
alterations subsequent to administration of cigarette smoke or nicotine could 
not be correlated, either temporally or in magnitude, with the workload im- 
posed on the heart. TABLEs 1, 2, and 3 represent the changes in cardiac work 


TABLE 1 
Tue EFFECT OF CIGARETTE SMOKE (1200 To 1500 mL.) ON THE DYNAMICS 
AND OXYGEN UTILIZATION OF THE HEART DuRING MAXIMAL 
ELECTROCARDIOGRAPHIC ALTERATIONS 


Cardiac work Oxygen usage fees & Cardiac output |Coronary flow| Heart rate 
Exp. No. mee Change Pes) Change aie) Change ot Change an Change — Change 
kg.-m./min. ml. /min. mm. Hg ml,/min. ml./min. beats/min. 
1 1.43} +3.55*| 6.48] +0.66*| 67 | +46 | 1347] +1685) 65 | +11 | 150) +50 
2 1.77; +0.11 | 4.39} +1.47*| 53 +4 | 2417 —36| 44 | +12 80 0 
3 0.90} +6.05*| 4.07} +2.19*| 33 | +68 | 1966) +2489) 36 | +26 | 138] —12 
4 0.67} +0.02 | 0.68) +0.53*] 49 +6 789| —188) 17 +5 | 156} —15 
5 0.81) +1.71*| 0.95) +0.99*| 68 | +10 847| +1000} 17 | +14 | 110) +40 
6 0.69) +0.02 | 1.45) +0.20 | 41 +9 | 1149 —20| 23 +9 | 132) —20 
7 0.37) +0.76*| 1.75} +1.95*) 42 | +20 | 636) +650) 21 | +23 | 120) —50O 
8 0.36) +0.19 | 0.52} +0.13 | 34} +10] 845] +290) 23 +3 84, —18 
9 0.57| +0.61*| 0.93 0.20* +5 996 +20} 40 +5 70| +30 
10 1.85) +1.97*) 4.02} +1.32*| 55 | +30 | 2100) +900) 40 | +20 | 130) +10 
11 1.64) +1.45*| 3.76} +0.57*) 60 | +30 | 1910} +820] 30 +9 | 140) —14 
P <0.05 <0.01 <0.001 <0.05 <0.001 >0.1 


_ ™ Change in cardiac work or oxygen utilization greater than twice the variation observed 
in duplicate control measurements. 


TABLE 2 
Tue Errect or Nicotine BAsE (20 uG./KG.) ON THE DYNAMICS AND OxYGEN 
UTILIZATION OF THE HEART DuRING MAXIMAL 
ELECTROCARDIOGRAPHIC ALTERATIONS 


Cardiac work Oxygen usage eatovaall Cardiac output |Coronary flow} Heart rate 
Exp. No. z 2 
oS Phe ye Change rs Change ye Change ye Change re] Change one Change 
kg.-m./min. ml./min. mm, Hg ml./min, ml./min. beats/min. 
1 1.74) +4.81*| 5.76) +0.61*) 73 +44) 1720) +2115} 46 | +30 | 100 10 
2 1.61) +0.58*| 8.09) +0.52*| 85 +14) 1391) +237) 94 +4 | 140 ptr 
3 1.83) +5.76*| 8.26] +1.04*) 90 | +123] 1500} +1100] 88 | +58 | 130] —20 
4 2.81) +0.45*) 5.80} +0.95*] 60 0} 3415} +515] 57 +8 | 170 0 
5 1.88} +2.33*| 1.31] +3.06*|] 58 +50) 1087) +870] 28 | +46 | 140 0 
P 0.05 0.05 >0.1 <0.05 <0.05 >0.1 


_ ™* Change in cardiac work or oxygen utilization greater than twice the variation observed 
in duplicate control measurements. 
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and cardiac oxygen utilization at the onset of the electrocardiographic changes 
subsequent to the administration of cigarette smoke (1200 to 1500 ml.), nicotine 
(20 ug./kg. body weight), or epinephrine (5 ug./kg. body weight). 

Although cardiac work and cardiac oxygen utilization were found to be in- 
creased at the onset of the electrocardiographic alterations subsequent to in- 
halation of cigarette smoke or administration of the drugs, there was a great 
variability in the magnitude of the individual responses; in several experiments, 
the changes noted were insignificant. In several cases, marked electrocardio- 
graphic disturbances, ranging from apical premature contractions and multi- 
focal ventricular extrasystoles to ventricular fibrillation, occurred in the absence 
of significant changes in cardiac work or cardiac oxygen consumption. Con- 
versely, minimal electrocardiographic changes, consisting only of a nodal 
thythm, sometimes accompanied marked increases in cardiac work and cardiac 


TABLE 3 
Tue EFFEcT OF EPINEPHRINE CHLORIDE (5 wG./KG.) ON THE Dynamics AND 
OxyGEN UTILIZATION OF THE HEART During Maxmat 
ELECTROCARDIOGRAPHIC ALTERATIONS 


Cardiac work Oxygen usage Ec Cardiac output |Coronary flow! Heart rate 
pO rae Change = Change Con Change Gon: Change — Change a Change 
kg.-m./min. ml./min. mm, Hg ml./min. ml./min beats/min. 
1 1.01) +0.60 | 0.98] +0.99*| 84 +10 | 1047; +600} 30 | +14 | 110 +20 
7 0.68} +2.03*) 1.11] +3.64*| 63 +38 | 1117} +900] 18 | +46 | 150 0 
3 1.70} +3.8* | 0.59] +2.75*] 60 +40 | 1800} +1000] 25 | +25 | 130 0 
4 0.55} +1.73*| 0.79] +2.83*] 52 | +60 799} +900) 16 | +40 | 120 +40 
5 0.80) +1.40*/ 1.0 | +0.96*| 68 | +10] 900 +200} 20 | +14 | 110} +40 
iP 0.05 0.05 0.05 <0.05 <0.01 >0.1 


* Change in cardiac work or oxygen utilization greater than twice the variation observed 
in duplicate control measurements. 


oxygen utilization. Coronary blood flow increased in all experiments; however, 
our experiments did not differentiate between a direct effect of the drug on the 
coronary arteries and an increased coronary blood flow as a consequence of the 
increased metabolic demand placed on the myocardium. No relationship was 
found between the increases in cardiac work and cardiac oxygen utilization, 
either with respect to each other or with respect to their original levels. 
TABLE 1 summarizes the effects of cigarette smoke inhalation on cardiac dy- 
namics and myocardial oxygen utilization at the time of the electrocardio- 
graphic alterations. In all experiments there was an increase in cardiac work 
(P = <0.05). In only seven of the experiments, however, could this increase 
be considered significant as compared to the variation of duplicate control 
measurements in a given animal. In all experiments in which there was a sig- 
nificant increase in cardiac work, there was a significant increase in cardiac oxy- 
gen utilization (P = <0.01). In two cases, however, the increase in cardiac 
oxygen utilization occurred in the absence of a significant change in cardiac 
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work. No relationship could be found between the changes in cardiac work 
and cardiac oxygen utilization, either with respect to each other or to their origi- 
nal levels. There was no consistent effect noted on heart rate (P = >OA}er 
coronary arteriovenous difference. Cardiac output (P = <0.05), coronary 
blood flow (P = <0.001) and blood pressure increased in all experiments, but 
there appeared to be considerable variation in the magnitude of the increases. 

TABLE 2 summarizes the effects of intravenous injection of nicotine base (20 
ug./kg.) on the dynamics and the oxygen utilization of the heart at the onset 
of the electrocardiographic alterations. As with administration of cigarette 
smoke, this quantity of nicotine resulted in electrocardiographic alterations 
ranging from apical premature contractions to multifocal ventricular extrasys- 
toles. Cardiac work increased significantly in all experiments (P = 0.05), as 
did cardiac oxygen consumption (P = 0.05). No relationship could be found 
between the increases in cardiac work and cardiac oxygen consumption, either 
with respect to each other or to their original levels. There was considerable 
variability in the changes of blood pressure (P = >0.1), cardiac output (P = 
<0.05), coronary blood flow (P = <0.05), and heart rate (P = >0.1). 

TABLE 3 summarizes the effects of epinephrine (5 ug./kg.) on cardiac dynam- 
ics and myocardial oxygen utilization. The changes in the measured parame- 
ters were less variable following administration of epinephrine than they were 
following administration of nicotine. With this exception, the results obtained 
with epinephrine were identical to those of nicotine. Cardiac work and cardiac 
oxygen consumption increased in all experiments (P = 0.05). With the ex- 
ception of changes in heart rate (P = >0.1), blood pressure (P = 0.05), cardiac 
output (P = <0.05), and coronary blood flow (P = <0.01) increased signifi- 
cantly following administration of epinephrine. 

In order to evaluate more completely the changes in cardiac work and cardiac 
oxygen utilization and to establish a temporal relationship of the electrocardio- 
graphic manifestations with these parameters, a continuous record was made 
of the cardiovascular functions from which the time course of the changes in 
cardiac work and cardiac oxygen utilization could be calculated. Examples of 
these records are illustrated in FIGURES 1 and 2 for cigarette smoke, FIGURE 3 
for nicotine, and FIGURE 4 for epinephrine. 

FicurEs 1 and 2 represent the time course of the changes in cardiac function 
following administration of cigarette smoke during a 30-sec. period. Although 
comparison of these charts reveals some temporal variability of response, the 
general effects are similar in direction and comparable in magnitude. Follow- 
ing administration of cigarette smoke there was a marked increase in cardiac 
work. Cardiac work remained elevated for a period of approximately 100 sec., 
after which time it returned to control levels. Immediately upon administra- 
tion of cigarette smoke in one experiment (FIGURE 1) and after 75 sec. in another 
(FIGURE 2), there was a marked increase in the oxygen saturation of the coro- 
nary venous blood. Arterial blood oxygen saturation did not change during 
this period. Equating the changes in cardiac arteriovenous difference with the 
changes in coronary blood flow revealed a precipitous and transient fall in 
cardiac oxygen utilization. Ficure 1 illustrates a marked decrease in cardiac 
oxygen utilization prior to changes in cardiac work. In FIGURE 2, this decrease 
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in cardiac oxygen utilization occurred during a markedly elevated level of car- 
diac work, presumably at a time when the myocardial metabolic demands were 
greatly elevated. Both experiments reveal a discrepancy between assumed 
oxygen requirements and actual oxygen utilization. 


i i dministration 

1. The time course of the hemodynamic changes subsequent to a t 
of W700 to 1500 sal of cigarette smoke to an open-chest anesthetized dog. Reproduced C 
permission from the Journal of Pharmacology and Experimental Therapeutics (Kien et al., 


In FIGURE 1: the electrocradiographic alterations began 45 sec. after the cga 
rette smoke administration, in the absence of changes in cardiac eae pot A 
close temporal relationship to the decreased oxygen utilization, In ea ; 
the electrocardiographic changes began 125 sec. after administration 0) bee 
rette smoke, in the preserice of an already elevated level of cardiac work an 
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again, immediately following the decreased cardiac oxygen utilization. In a 
series of nine experiments it was observed that cigarette smoke inhalation 
caused a brief but marked reduction in cardiac oxygen utilization. This 


CARDIAC eae 
WORK Ml, 
Kom. Ania. 


TIME - Seconds 


Ficure 2, The time course of the hemodynamic changes subsequent to administration 
of 1200 to 1500 ml. of cigarette smoke to an open-chest anesthetized dog. 


occurred with great temporal variability during the course of the experiment 
and with no relationship to the level of cardiac work. In all cases there was a 
close relationship between the onset of the electrocardiographic alterations and 
the increased coronary venous blood oxygen saturation. There was no appar- 
ent relationship between the degree of decrease in cardiac oxygen utilization 


and the severity or duration of the electrocardiographic manifestations of 
cigarette smoke administration. 
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Administration of nicotine (20 ug./kg. body weight) produced the same 
cardiovascular response as did cigarette smoke administration (FIGURE 3). In 
this record, there was a brief but marked fall in cardiac oxygen utilization that 


= | 


pe eee s aes - TIME- Seconds 
FicurE 3. The time course of the hemodynamic changes subsequent to administration 
of 20 wg./kg. body weight of nicotine base. Reproduced with permission from the Journal 
of Pharmacology and Experimental Therapeutics (Kien et al., 1958). 


occurred approximately 75 sec. after administration of nicotine. Although 
this fall in cardiac oxygen utilization preceded the marked increase in cardiac 
work, the discrepancy between apparent oxygen requirement and actual oxygen 
utilization appeared to be sufficient to initiate severe electrocardiographic 
alterations. It is probable that the marked rise in cardiac work contributed 
‘to the electrocardiographic alterations observed. However, it is of importance 
to note that the electrocardiographic alterations preceded the increase in cardiac 
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work. This response was observed in a series of six experiments and the graphic 
representations of these were indistinguishable from those of cigarette smoke 
administration. 


{20mog/Kam) 


TIME — Seconds 


Ficure 4, The time course of the hemodynamic changes subsequent to administration 
of 5 wg./kg. body weight of epinephrine chloride. 


Except for the absence of the initial bradycardia, administration of epineph- 
rine produced the same cardiovascular responses as those observed following 
administration of cigarette smoke or nicotine. There was considerably less 
variability of response following injection of epinephrine than there was follow- 
ing injection of nicotine or inhalation of cigarette smoke. F1GuRE 4 represents 
an average record obtained following injection of five yg./kg. body weight of 
epinephrine. Of the six experiments in this seriés, cardiac oxygen utilization 
fell to below control levels in two cases, to the control level in one, and dipped 
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only slightly in three, as illustrated in FIGURE 4. The decrease in cardiac 
oxygen consumption following administration of epinephrine occurred consist- 
ently during the height of the pressor response and immediately preceded the 
onset of the electrocardiographic disturbances. 


Discussion 


Evaluation of the changes in cardiac work at the time of the onset of the 
-electrocardiographic alterations subsequent to cigarette smoke inhalation or 

administration of nicotine or epinephrine revealed that there was no apparent 
relationship between these parameters of cardiac activity. It appeared doubt- 
ful that an increased level of cardiac work was solely responsible for the electro- 
cardiographic changes on the basis of the observations of only minor electro- 
cardiographic alterations in the presence of greatly increased levels of cardiac 
work and, conversely, marked electrocardiographic changes with no apparent 
increase in the level of cardiac work. Coronary blood flow was found to be in- 
creased by administration of these pharmacological agents; however, cardiac 
arteriovenous difference varied considerably and changes in cardiac oxygen 
utilization did not appear to be correlated with the increased level of cardiac 
work. 

In the series of experiments measuring the time course of the hemodynamic 
changes following administration of cigarette smoke, nicotine, or epinephrine, 
there was considerable variability in the magnitude of the responses but, in 
general, the effects were directionally similar. In the majority of the animals 
studied, there were marked changes in cardiac output and blood pressure, result- 
ing in greatly elevated levels of cardiac work. Coronary blood flow increased 
in these experiments. In several experiments in which there was no change in 
either blood pressure or cardiac output and, hence, no change in cardiac work, 
there was no change in coronary blood flow. However, it was found that in all 
animals, regardless of the degree of change in either blood pressure, cardiac 
output, or coronary blood flow, there was a brief but marked increase in the 
oxygen saturation of the coronary venous blood. The arterial blood oxygen 
saturation did not vary significantly from the control values. Equating these 
changes with the coronary blood flow revealed a diminished cardiac oxygen 
utilization which occurred, in many experiments, in the presence of an increased 
workload. It is of interest to note that even in the experiments in which there 
was no significant change in blood pressure or cardiac output, and hence no 
change in cardiac work, there nevertheless was a fall in the cardiac oxygen 
utilization. That this fall in cardiac oxygen utilization was inconsistent with 

normal cardiac function is suggested by the almost simultaneous occurrence 
of marked cardiac irregularities. <n 
Bilateral vagotomy prior to administration of cigarette smoke or nicotine 
failed to alter the extent of the initial decrease in heart rate. Pretreatment 
with atropine sulfate (1 mg./kg. body weight) completely prevented the brady- 
cardia but had no effect on the subsequent cardiac arrhythmias. The pressor 
response following administration of cigarette smoke, nicotine, or epinephrine 
could be prevented entirely by pretreating the animal with piperoxan hydro- 
chloride (Benodain, 2 to 4 mg./kg. body weight); but again, this did not alter 
the nature or severity of the electrocardiographic alterations.. Denervation of 
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the adrenals or bilateral adrenalectomy significantly reduced the pressor re- 
sponse and cardiac arrhythmias elicited by administration of cigarette smoke 
or the drugs, and pretreatment with tetraethylammoniumchloride (10 mg./kg. 
body weight) completely abolished all cardiovascular responses (Kien et al., 
1958). 

an the basis of these data, and the findings of Kiser et al. (1956), the cardiac 
dynamic and oxygen metabolism effects of cigarette smoke or nicotine adminis- 
tration appear to be mediated through the release of epinephrine. Except 
for the initial bradycardia, the effects of cigarette smoke or nicotine administra- 
tion could be duplicated by administration of epinephrine. The observed 
decrease in myocardial oxygen consumption following administration of ciga- 
rette smoke or of the drugs, indicates an alteration in the normal cardiac 
metabolic pattern (Kien and Sherrod, 1960). Such a change, as reflected by the 
reduction in the cardiac oxygen utilization, occurring in the presence of an 
alteration of normal cardiac dynamics, could serve as the initiating factor for 
the observed electrocardiographic alterations. The mechanism for this de- 
creased myocardial oxygen consumption remains to be elucidated. 


Summary 


The cardiovascular effect of cigarette smoke, nicotine, and epinephrine was 
studied in the open-chest anesthetized dog. Observations of blood pressure, 
cardiac output, coronary blood flow, coronary arteriovenous oxygen difference, 
and the electrocardiogram were made. In addition, cardiac work and cardiac 
oxygen utilization were calculated. 

The maximal cardiovascular effects of cigarette smoke administration were 
measured in the open-chest anesthetized dog. Extreme variability of response 
was observed. There was no apparent correlation between the onset of the 
electrocardiographic effects and the changes in cardiac work. Coronary blood 
flow increased and. appeared to follow the changes in blood pressure and car- 
diac output. Although the increased cardiac work following administration of 
cigarette smoke may contribute to the severity of the electrocardiographic 
alterations, it appears on the basis of the lack of correlation between the 
electrocardiographic effects and the increased cardiac work, that it might be a 
secondary factor. 

A study of the time course of the hemodynamic changes subsequent to inhala- 
tion of cigarette smoke indicated that a brief but marked decrease in the oxygen 
consumption of the heart occurred in close temporal relationship to the electro- 
cardiographic disturbances. This decreased cardiac oxygen utilization oc- 
curred invariably, regardless of the degree or even the existence of changes in 
cardiac work. It is suggested that this factor is of prime importance in the 
development of the observed cardiac irregularities. 

The effects of cigarette smoke on the dynamics and oxygen utilization of the 
heart could be duplicated by intravenous administration of nicotine alkaloid 
or epinephrine. 
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CORONARY BLOOD FLOW AND CARDIAC OXYGEN METABOLISM 
DURING NICOTINE-INDUCED INCREASES IN LEFT 
VENTRICULAR WORK* 


Ivan E. Forte, A. Jane Williams, Louis Potgieter, J. E. Schmitthenner, f 
J. H. Hafkenschiel, Cecilia Riegel 
Division of Research, Lankenau Hospital, Philadelphia, Pa. 


The authors of the second edition of The Pharmacological Basis of Therapeu- 
lics state: “There is no proof that the use of tobacco causes arteriosclerosis or 
results in angina pectoris. However in a rare individual, who already has 
coronary sclerosis and angina pectoris, over-indulgence in tobacco may occa- 
sionally be a factor in precipitating anginal attacks. It is probable that the 
nicotine-induced increase in blood pressure and in heart rate is the basis for the 
occasional precipitation of an anginal seizure by smoking.”! In so far as we 
are aware the mechanism of anginal seizures has not been precisely defined in 
terms of the physiological derangements. 

In order to obtain more information on this problem, a study of cardiac 
metabolism was designed, using intravenous infusions of nicotine in intact but 
anesthetized animals, each dog serving as its own control and returning several 
times for retesting. Our objective was to simulate in this preparation, under 
morphine-Dial-urethane-pentobarbital anesthesia (MDUP), a type of investiga- 
tion that might later be pursued in patients. Specifically, we measured coro- 
nary blood flow, using the nitrous oxide desaturation method, cardiac oxygen, 
glucose, lactate, and pyruvate utilization and left ventricular pressure work in 
young, healthy dogs with normal coronary arteries. Measurements were made 
before and during infusions of nicotine that were anticipated to increase heart 
rate and left ventricular work. The results are compared with data obtained 
in a study of a newly synthesised pressor substance Hypertensin IT peptiden,t 
the same animals and the same experimental design being used in the latter 
series of experiments under MDUP anesthesia. Hypertensin did increase left 
ventricular work significantly in this preparation. 

We asked this question: When the work load of the left ventricle is increased 
acutely by an infusion of nicotine or Hypertensin, is the myocardial oxygen 
extraction coefficient [(A-V/A) X 100] increased, unchanged or reduced? Put 
another way, the question asks whether, during the action of nicotine or Hyper- 
tensin, the heart muscle is able to increase its oxygen uptake without reducing 


the cardiac capillary mean oxygen tension as this might be reflected in cardiac 
venous blood. 


*The work described in this article was supported in part by Research Grant H-1817 
from the National Heart Institute, Public Health Service, Bethesda, Md., by Research Grant 
QH-17 from the Tobacco Industry Research Committee, New York, N. Y., by Research 
Grant UV-25 from the Committee on Problems of Alcohol of the National Academy of 
Sciences—National Research Council, Washington, D. C., and by a research grant from the 
a eee o yy te Pennsylvania, Philadelphia, Pa. 
ostdoctoral Research Fellow of the National Heart Institute (HF-64 
Hospital, Philadelphia, Pa. (1956-1958). he 


{ Made available as Hypertensin-Ciba (BA19990A) by Albert Plummer of Ciba Pharma- 
ceutical Products, Inc., Summit, N. J. 
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This would result in our animal preparation if coronary blood flow increased 
more than the cardiac oxygen uptake or demand. Experiments of West2 sug- 
gest that this would occur. In his work nicotine was injected directly into the 
coronary arteries of dogs lightly anesthetized with pentobarbital sodium, caus- 
ing increased myocardial vigor and greater coronary sinus blood outflow with- 
out inducing any change in heart rate or blood pressure. 


Methods 


Eight dogs weighing 26 to 46 kilograms were studied. A paired set of ob- 
servations in each was made at monthly intervals for a period of five to six 
months. Each animal was anesthetized first with morphine followed by a 
mixture of pentobarbital and Dial-urethane. 

The technique with MDUP anesthesia is as follows. The total morphine 
dose is 3.0 mg./kg. Two thirds of the initial dose is given subcutaneously 45 
min. before the intravenous injection. This consists of equal parts by volume 
of pentobarbital (65 mg./cc.) and the Dial-urethane mixture, the total being 
0.30 cc./kg., that is, 0.15 cc. of pentobarbital and 0.15 cc. of Dial-urethane.* 
About 19 hours after the intravenous dose, and after the animal had been 
operated upon and the catheters placed properly, one sixth of the total dose is 
administered intramuscularly about 30 min. before the saline infusion for the 
first measurement of coronary blood flow and cardiac output. Immediately 
after this study is completed, and approximately 30 min. before the second 
observation, a comparable dose of morphine is again given intramuscularly. 
This is usually 20 min. before any drug stimulus is introduced. 

An external jugular vein was exposed for catheterization. Two flexible 
cardiac catheters were positioned under fluoroscopic guidance, one in the coro- 
nary sinus and one in the main pulmonary artery, and their positions checked 
by comparison of blood samples and pressure recordings through a Sanborn 
electromanometer. A Cournand needle was placed in the femoral artery and 
connected through a manifold system to a mercury manometer. The animal 
breathed through a cuffed endotracheal tube connected through a low resistance 
valve to a spirometer, for collection of expired air and measurement of respira- 
tory minute volume. The expired air was analysed for oxygen and carbon 
dioxide content by Scholander’s method. A leg vein was intubated for infu- 
sion of saline during a control period, and of nicotine solution during a drug 
study period, using a constant rate infusion pump. 

Coronary blood flow was measured by the nitrous oxide desaturation method 
_ and cardiac output by the direct Fick method.’ Blood samples were with- 
drawn simultaneously from the femoral artery and coronary sinus (before and 
midway through the coronary blood flow measurement period to obtain an 
average sample) for analysis of oxygen and carbon dioxide content; hemoglobin, 
hematocrit, glucose, lactic acid, and pyruvic acid concentrations.> Cardiac 
rate was determined using limb lead electrocardiographs, usually on lead 2: 

Each experiment consisted of a pair of observation periods, 30 to 40 minutes 
apart, during which measurements of coronary blood flow and cardiac output 


were made. Infusions were started 5 to 10 minutes before each observation 


* Supplied by Ciba Pharmaceutical Products Inc., Summit, N. J. 
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period and continued through it, the infusion time being usually 15 to 25 min. 
Control saline infusions given during the first observation period were followed 
by either another control saline infusion or a drug (nicotine or Hypertensin) 
infusion. 

The two dosage rates of nicotine used, given in a separate series of experi- 
ments, were 5 wg./kg./min. and 15 ug./kg./min. The total dose given varied 
from 3.7 to 4.4 mg. at the lower rate, and from 10.5 to 21.5 mg. at the higher 
rate. Hypertensin was infused at a rate of 1 ug./kg./min. as previously de- 
scribed. Following the final experiment, each animal was sacrificed, a post- 
mortem examination was made,* the septum divided in half and the left ven- 
tricle dissected free and weighed. 

All of the data acquired during the paired coronary flow determinations were 
considered on the basis of the mean change from the first to the second observa- 
tion. The mean value of the changes from the first control to the second 
control was compared with the mean value of the changes from the control to 
the drug observation period. Each drug study included at least four dogs 
tested with at least four control-control and four control-drug procedures. 
Statistically, these mean differences were ¢-tested as to the difference of the 
mean differences. When there was less than 1 per cent chance of coincidence, 
the change was considered to be pharmacodynamically significant.” 


Results 


This report is based on observations made in 27 experiments on 8 dogs.t 
In order to obtain this number of good paired experiments some of the tests 
were excluded for these reasons: altered experimental design, practice experi- 
ments, drug response studies (FIGURE 1), failure to keep catheter in coronary 
sinus confirmed by biochemical data, arterial oxygen saturation below 87 per 
cent, animal not in steady state—fibrillating or ill (low hemoglobin), failure 
to intubate coronary sinus, catheter obstructed due to jugular thrombosis, or 
death of the animal during procedure. 


STABILITY OF THE PREPARATION 


The results of duplicate determinations completed within approximately 30 
minutes on the same dog (MDUP) were essentially the same as the mean 
changes in the series under pentobarbital anesthesia reported previously, using 
the same experimental approach for testing the effects of ethyl alcohol,’ 1- 
epinephrine, and levarterenol.? These findings confirm Foltz and co-workers.!° 
All of the animals considered here were tested under MDUP anesthesia as to 
the effects of nicotine and Hypertensin. 


REPEATED OBSERVATIONS OF CORONARY BLoop FLow AND CARDIAC 
OxyYGEN CONSUMPTION IN THE SAME ANIMALS 


In order to compare our experimental approach with that reported by Foltz,!° 
we made repeated observations on a smaller number of animals. The mean 
value of coronary blood flow was 91, with $.D. + 31, and cardiac oxygen 


* Courtesy of James F. Welsh, Department of Pathology, Lankenau Hospital. 
} Including 25 experiments with coronary flow measurements. 
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consumption was 11.6, with S.D. + 4.6, in 25 experiments on 8 dogs weighing 
from 26 to 48 kg. These observations showed us that this variation is essen- 
tially the same as that reported by Foltz. 

Comparison of Two or More Observations on the Same Dog 


The mean values obtained in the first run were compared with the second 
run mean and the standard deviation of the individual differences was calcu- 
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icotine infusion. This figure indicates the values of the different parameters 
ee a lacnealie and the changes, Sith time in minutes, as three different concentra- 
tions of nicotine were infused into a dog. M.A.P. is the mean arterial oe a in 
millimeters of mercury; pulse the heart rate per minute; resp. min. es isthe aaa ory 
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See text. 


lated. Of interest in relation to ‘the multiplicity of possible errors in the 
nitrous oxide procedure’ are the 37 comparisons using 8 dogs while under 
MDUP anesthesia. The standard deviations of the coronary blood flow 
(S.D. + 27), and the cardiac peer e Dua (S.D. a 4.4), are essentially 
in experiments described above. 

ee Shere this analysis is that the method would appear to have 
validity in measuring coronary blood flow changes, not only from cee 
period number 1 in a given day to observation period number 2 some ‘ to 
40 minutes later, but also from period number 1 today to period number 1 on 
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the same dog under the same conditions, at approximately four-week intervals. 
We believe we have confirmed Gregg’s conclusion that “the method is believed 
to indicate, semiquantitatively, coronary flow per minute per 100 gm. of left 
hearts 2 


CHANGES INDUCED BY NICOTINE AND HYPERTENSIN 


Dosage of Nicotine Used for Intravenous Infusion 


One of the problems met at the outset was the difficulty in obtaining a 
preparation of nicotine the dose response of which could be precisely quanti- 
tated. It was not until Julius Comroe and the Scientific Advisory Board of 
the Tobacco Industry Research Committee, New York, N. Y., made available 
to us standardized ampoules (2.0 cc. with 2 mg./cc.) that we were able to get 
consistent results using the constant rate infusion method. The most repro- 
ducible results hemodynamically were at an infusion rate of 5 ug./kg./min. 
A dose response experiment is shown in FIGURE 1. 

Although there are effects on heart rate, arterial pressure and respiration 
with an infusion of 5 ug./kg./min. for 20 to 30 min., there were no statistically 
significant (P < 0.01) differences in the mean changes in the experiments 
conducted using the smaller dosage. In this group of experiments the total 
dose of nicotine infused was 4.0 mg. This dose was selected initially because 
it was considered to be the equivalent of smoking one standard cigarette.” 

Using a total dose of nicotine over 20 mg. in dose response experiments, we 
observed that this amount induced cardiac arrhythmia, fall of blood pressure, 
and respiratory failure. Accordingly, a series of experiments were conducted 
using only 15 yg./kg./min., or a total dose of about 12.0 mg. (possibly the 
equivalent of smoking 3 standard cigarettes over a half-hour period). The 
mean changes with the larger nicotine dose are compared in TABLE 1 with the 
effects of the smaller dose, the mean change in the double control series (anes- 
thesia alone), and the mean changes during the Hypertensin infusion. 


Intravenous Infusions of Nicotine 15 wg./kg./min. for 20 to 30 min. 


Hemodynamic changes. In FIGURE 2 is shown the continuous relationship 
between the average changes in mean arterial pressure and heart rate during 
all infusions from minute to minute. The blood pressure rose in every instance, 
but to varying degrees, and would then fall off, with heart rate increasing. 
In several experiments pressure fell below the preinfusion level, while the 
nicotine was still being infused. 

Heart rate initially increased. This dipped as the pressure increased, then 
became faster to a peak point, after which the rate became slower, usually 
returning close to the base-line level within 10 minutes after the infusion was 
stopped. These varying levels are to be contrasted with the steady state 
patterns seen in the same animals when saline was infused. The dotted lines 
in FIGURE 2 represent the changes occurring in the same animals when studies 
were done at other times, usually at four week intervals, using saline in the 


second period, and are labeled as control-control (or anesthesia alone) experi- 
ments. 
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TABLE 1 
MEAN VALUES OF CHANGE IN HEMODYNAMIC AND Carpiac OxyGEN METABOLIC 
OBSERVATIONS ON THE SAME Docs, THE SECOND OBSERVATION 
Mave AFTER 20 MIN. or INFUSION OF Nicorinr* 


Nicotine 
Apeeihese Tees ies 
i esi e 
ee Change Palone ‘ 1 ae 
with 5 ug. min. 
15 yg. 
Coronary blood flow (ml./100 gm./min.) 78 53 4 7 99 
Cardiac Os consumption (ml./100 gm./ 
min.) 9.7 8.7 0.7 1.6 12.6 
Left ventricular work (kg.-m./min.) Eyal Lad 0.4 —0.1 DPX 
Cardiac output (ml./min.) 3370 1080 100 —250 —400 
MABP (mm. Hg) 112 11 4 7 66+ 
Cardiac rate (per min.) 66 45+ —2 10 11 
Coronary resistance (P. + C.F.) 1.51 | —0.51} —0.03 0.09} —0.27 
Arterial Hb. (gm./100 ml.) 14.3 52 0.2 0.1 Uh} 
Coronary Aos-Vo. (Vol. %) 12.4 1.6 0.4 0.8 0.8 
Myocardial oxygen coefficient extraction 
(%) hz -1 —2 3 0 
Coronary sinus venous O, saturation (%) 26 2 3 —3 0 
Coronary sinus venous O; tension (mm. 
Hg) 20 1 1 —2 1 
* Five yg./kg./min. and 15 ug./kg./min. 
T Denotes pharmacodynamically significant changes with P < 0.01. 
1 
ESS ee l—eEeeT ies 
CST) a ages ee SSeS sm el oe 
nye 
4 
CO+F 
POOR 10% .< 20.30.40 -10 OP ae O00), w40 Re SO 
Control Nicotine 


: is diagram shows how each experiment consisted of two observation periods, 
Be adenaivine the Nine in minutes. The dotted lines represent the changes in the Pulse 
and mean arterial blood pressure (M.A.P.) when saline was infused in the control-contro 
experiments. The continuous dark lines represent the average of changes occuring in these 
parameters from the control periods on the left to nicotine infusions on the right, the opps 
line being mean arterial blood pressure in millimeters of mercury and the lower line the pulse 


in beats per minute. See text. 
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Our calculations using mean arterial pressure for left ventricular work as 
shown in TABLE 1 are based on the average mean arterial pressure during the 
nicotine infusion period and do not reflect the extent of variation observed. 

Although mean heart rate was increased (66 to 115) there was no significant 
mean increase in pressure or left ventricular work. Both coronary blood flow 
and cardiac output were measured during a changing circulatory (and perhaps 
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Ficure 3. Dog B. This graph is representative of paired control-nicotine intravenous 
infusion experiments. The only significant change for the group as a whole was the increase 
in heart rate during the nicotine infusion. The saline infusion in minutes serves as the con- 
trol. The amount of intravenous (I.V.) infusion of nicotine for 15 min. was 15 yg./kg./min. 
M.A.P. on the broken line graph is for the mean arterial blood pressure in millimeters of 
mercury. Pulse is the heart rate per minute and Resp. the respiratory rate per minute. For 
the bar graphs the key is in the right hand corner. Starting at the top, the coronary blood 
flow is in cubic centimeters per 100 gramsleft ventricle per minute; cardiac oxygen utilization, 


as cubic centimeters per 100 gm. left ventricle per minute; cardiac output as liters per minute 
and left ventricular work in kilogram-meters per minute. 


metabolic) state, rather than during a hemodynamically steady state as re- 
quired by both the nitrous oxide method of measuring coronary blood flow and 
the Fick technique for cardiac output. The changes in coronary blood flow 
were not consistent; although in individual experiments such as that of March 
30, 1959, on Dog B (FicuRE 3), the alterations were much as for the entire 
series average. In this experiment the flow increased from 64 to 105 cc. with 
cardiac oxygen uptake almost doubled (from 7.8 to 14.1 cc.), heart rate in- 


creased from 51 to 84, cardiac output from 2.1 to 3.8, and left ventricular work 
rose from 3.4 to 7.3 kg.-m./min. 
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Coronary oxygen arteriovenous difference was not significantly increased 
and the myocardial oxygen extraction coefficient, 72 per cent initially, was 
unchanged. Coronary sinus venous oxygen tension remained at 20 mm. Hg 
(TABLE 1), 

Metabolic parameters. The mean changes are shown in TABLE 2. The only 
Significant change in cardiac fuel was the increased cardiac lactate utilization 
during the Hypertensin infusion, We discern no evidence that nicotine induces 
a shift to anerobic metabolism. 


TABLE 2 


Carpiac CARBOHYDRATE METABOLITE CHANGES DuRING 
THE INFUSION OF NICOTINE 


: j (15 ug./kg./min.) and Hypertensin II Peptiden (1 ug./kg./min.) 
Pyruvate Lactate Glucose 
Art. A-V C. Ext. | L.V. Art. A-V Co Exts|}) EV. Art. A-V |C. Ext. L.V. 
mg. %| mg. % lo util. | mg. % | mg. % % util. /mg. % |mg. % % |util. 
(A) 15 yg. Nicotine 
Before fi O93) 38-2| 0:48) 10.6 | 3:9 SI6l) eS 4a 874 3 Shall) 
During | 1.16} 0.50} 33.4] 0.68! 13.8 | 3.3 20.9; 4.4] 92 2 DIAS ga) 
Change | 0.05} —0.03 —4.8) 0.20) 3.2 |—0.6.| =10.7). 1.0 |. 18) <1 —1 1 
(B) 1 wg. Hypertensin 
Before 0.77) © 0.30 34.5 0536) ei) 204 Ball) Dodi VO 6 || 2 
During | 1.14) 0.53) 45.7| 0.82] 15.6 | 6.5 40.2} 10.7 107 | 10 9 | 19 
Change | 0.37) 0.23) 11.2) 0.46] 7.9*| 4.1*] — 11.5] 8.2* 287" 4 2. 15 
(C) Double Controlst 
Before | 0.79] 0:29] 32.7/ 0.21] 7.7] 2.3| 29.71 1.9] 09 | 2) 3) 9 
During | 0.92) 0.39} 36.1] 0.28} 8.0} 2.3 ASA | 7S 5 Tale 
Change | 0.13} 0.10) 3.4 0.07/ 0.3} O —3.6,—0.1 6 3 4] 3 


Abbreviations: A-V, coronary arteriovenous difference; C. Ext., coefficient of extraction 
(A-V/A); L.V. util., left ventricular utilization in mg./ 100 gm./min. 

* Denotes pharmacodynamically significant changes with Pix (O01: 

} Same animals that were tested with high dose of nicotine. 


The higher nicotine dosage did stimulate respiration. T he greater ventila- 
tion led to an increased arterial O2 content. The coronary sinus oxygen con- 
tent showed a mean increase from 4.9 to 5.9 ml./100 ml., the arterial change 
being from 17.3 to 19.8 ml., but the cardiac oxygen extraction did not change. 
However, these changes, as'well as the change in arterial glucose with nicotine, 
were not significant’ at’P < 0.01. 


Discussion 


The original purpose of these experiments, that is, to increase left ven tricular 
work by an infusion of nicotine, was not accomplished, The reasons for this, 
which are probably primarily related to the varying arterial pressure response 
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and inconsistent changes in cardiac output, have been mentioned (FIGURE 2). 
The Hypertensin experiments did show that this latter substance, presumably 
having a primary and probably an exclusively vasoconstrictor action, does 
increase both mean arterial pressure and left ventricular work in our animal 
preparation. 


TABLE 3 
Lert VENTRICULAR WorK AND CARDIAC OxYGEN UTILIZATION 
Percent Change of Observations Repeated 30 Min. Later 


Pentobarbital Morphine-Dial-urethane-pentobarbital 
Anes. alone 1-Epin. Levarterenol | Anes. alone Nicotine aM Penge! 

Coronary flow 

% Change 10 34 —1 —3 67 94 

% Coef. var. 22 52 47 26 55 127 
Cor. A-V Oz 

% Change 4 —40* —6 6 13 6 

% Coef. var. 15 21 17 7 9 20 
Card. O2 cons. 

% Change 13 —37 —11 0 90 89 

% Coef. var. 19 32 27 25 68 87 
Card. output 

% Change —12 43 —6 —6 32 —11 

% Coef. var. 18 73 65 22 27 14 
MABP 

% Change —2 25 10 6 10 54* 

% Coef. var. 9 15 11 10 12 17 
L. vent. work 

% Change —13 90 ¥} —2 45 oy he 

% Coef. var. 19 80 68 24 35 14 


Abbreviations: Cor., coronary; Card., cardiac; A-V, arteriovenous difference; Cons., con- 
sumption; MABP, mean arterial blood pressure; L. vent., left ventricular. 


* Denotes a statistically significant difference when compared with the “anesthesia alone” 
changes (P < 0.01). 

Anesthesia alone represents the control-to-control observations. 

1-Epinephrine infused at rate of 3 ug./kg./min. 

Levarterenol infused at rate of 3 wg./kg./min. 

Nicotine infused at rate of 15 ug./kg./min. 

Hypertensin IT Peptiden infused at rate of 1 wg./kg./min. 

% Change from first to second period of observation. 


% Coefficient of variation, the ratio of the standard deviation of the individual difference 
to the initial value of the parameter. 


Nicotine in the higher dosage experiments does increase heart rate. How- 
ever within the requirements of our experimental design, we did not record a 
statistically significant increase in cardiac oxygen utilization. Because of the 
wide coefficient of variation in coronary blood flow values in all of our experi- 
ments, including those under pentobarbital anesthesia (shown in TABLE 3 as 
percent coefficient of variation), we suspect that this failure to record a statis- 
tically significant increase in cardiac oxygen consumption is not “indicative 
of rather wide biological variation between animals,’ but rather a limitation 
of the nitrous oxide method, when applied under the conditions of these experi- 
ments, that is, a changing state from moment to moment.! 
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Shown also in TABLE 3 are the changes in cardiac arteriovenous oxygen differ- 
ences during the action of all drugs tested in our laboratory. Nicotine stimu- 
lated respiratory activity primarily by increasing the depth of breathing so that 
in this group of animals the arterial oxygen content was increased, but with 
the coronary arteriovenous difference increasing only 13 per cent, the coronary 
sinus oxygen content and oxygen tension were unchanged. This suggests that 
coronary blood flow in most nicotine experiments increased enough or more 
than enough to meet the oxygen metabolic needs. This finding is similar to 
that reported by West, using a similar dog preparation and anesthesia, as a 
result of the action of 1-epinephrine or levarterenol infusion.'* This implies 
that the myocardial oxygen extraction coefficient does not have to be increased 
during the increased contractile vigor induced by nicotine? because the coronary 
flow adjustment is adequate. Sayen and his co-workers have reviewed the 
pertinent literature on responses of myocardial oxygen, coronary venous oxygen 
and coronary flow to levarternol and epinephrine.!§ 

The results of these nicotine infusion studies in the morphine-Dial-urethane- 
pentobarbitalized dog would appear to support the concept that coronary 
blood flow adjusts itself to meet the demands of the myocardium for oxygen, 
rather than the coronary arteriolar bed being effected per se by drugs.!*” The 
precise adjustment of the coronary flow seen here in the presence of the increase 
in heart rate upholds the thesis of Shipley and Gregg that the primary deter- 
minants regulating coronary flow are the vigor of cardiac contraction and the 
increase in cardiac oxygen metabolism.’ Although the cardiac oxygen utiliza- 
tion was not increased to a statistically significant degree, the oxygen demand 
must have been at a higher level with the greater heart rate. Inasmuch as our 
studies were not designed to elucidate mechanisms involved, we can surmise 
only that this adjustment is by central nervous system pathways, possibly 
through the sympathetic division. Eckstein and his co-workers were unable 
to demonstrate humoral vasoactive or cardiotropic substances in the hypoxic 
and overperfused myocardium in their experiments.” 

These observations have been made in dogs with a normal coronary vascula- 
ture. In these test objects, adjustments of vascular tone are apparently made 
easily. The reactivity of the abnormal or sclerotic arteries is probably entirely 
different. If the vessels are fixed in caliber their tonus cannot change, so that 
the fine adjustment is removed and only the coarse ad justment (level of arterial 
pressure) remains. Also unknown are the factors both in healthy and diseased 
myocardial cells that allow for a more efficient extraction of metabolites or 
conversions of chemical to mechanical energy when the central nervous system 
is stimulated appropriately. If under conditions of a fixed vessel caliber, a 
change in contractile force requires a greater oxygen supply, the coronary flow 
may be less than adequate for the altered metabolic needs of the myocardium 
and relative coronary insufficiency may ensue. 

Thus our experiments suggest that with a healthy coronary arterial tree the 
action of nicotine in increasing heart rate does not adversely affect the myo- 
cardium. This lack of untoward effect on the heart and the pronounced effect 
on depth of respiration suggests a possible clinical application. Would nicotine 
used under the conditions herein described have any usefulness as an adjunctive 
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stimulus in the management of those patients who have tried to destroy them- 
selves by overdosages of barbiturates, when they are not responding to the 
conventional measures? 

From the experiments of West? showing the complex myocardial effects of 
intracoronary arterial injections of nicotine and the complex action of nicotine 
in a simpler preparation,” it is understandable why we were not able to induce 
a steady state as to blood pressure level and heart rate during the infusion 
similar to the relatively steady state observed during the infusion of Hyper- 
tensin. We observed no significant changes in the mean response with the 5 
ug. nicotine infusion, but some mean changes in the small group of animals 
studied during the 15 ug. infusion. Our results, indicating that coronary blood 
flow was not reduced and that the cardiac oxygen utilization was met without 
reducing the level of oxygen tension in myocardial venous blood, appear to 
confirm the findings of West ef al., that nicotine in “healthy coronary arteries 
does not cause constriction.’ A similar finding, using the nitrous oxide method 
of measuring coronary blood flow during cigarette smoking in normal volun- 
teers, has been reported by Bargeron.”! 

The following hypothesis is suggested to explain how tobacco smoking in a 
patient with coronary sclerosis may be a factor in precipitating an occasional 
anginal attack. Such a patient with diseased coronary arteries is unable to 
increase coronary blood flow (cardiac oxygen delivery) in order to meet the 
greater myocardial oxygen demands. These are induced by the greater con- 
tractile force and the increased heart rate associated with the action of nicotine 
inhaled in excessive smoking. When the cardiac venous oxygen reserve is 
encroached upon, either the buildup of waste products of metabolism and 
hypoxia per se, myocardial ganglionic liberation of catecholamines, or reflexes 
activating the central nervous system through the sympathoadrenal axis of 
the autonomic division produce symptoms that physicians recognize as pain 
of cardiac origin and call angina pectoris. 

Further studies of this type are desirable in patients with coronary artery 
disease to test this hypothesis. Our present position is that a simpler method 
of quantitating coronary blood flow in the unanesthetized patient must be 
devised before we would be willing to undertake this investigation in coronary 
artery disease patients.!»” 
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EFFECT OF CIGARETTE SMOKING ON CORONARY CIRCULA- 
TION AND CARDIAC WORK IN PATIENTS WITH 
ARTERIOSCLEROTIC CORONARY DISEASE* 


Timothy J. Regan, Harper K. Hellems, Richard J. Bing 
Wayne State University College of Medicine, Detroit, Mich. 


In a preceding publication from this laboratory, the effect of cigarette smok- 
ing on coronary blood flow and myocardial metabolism was investigated by 
means of coronary sinus catheterization.! It was found that the smoking of one 
cigarette significantly increased the coronary blood flow and heart rate and 
produced a fall in coronary vascular resistance and extraction of oxygen and 
glucose. Although these studies suggested that in healthy individuals smoking 
of cigarettes does not result in coronary vasoconstriction, the possibility existed 
that smoking in patients with arteriosclerotic heart disease diminishes the 
coronary blood flow. It has been shown, for example, by a large number of 
workers that smoking produces T-wave depression and sagging of the ST seg- 
ment in patients with coronary heart disease.? It has also been demonstrated 
that in these patients smoking results in definitive changes in the ballisto- 
cardiogram.*? These changes have been interpreted as resulting from a dete- 
rioration of cardiac function during smoking, possibly as a result of diminished 
coronary blood flow. Anginal pain during smoking has been observed by a 
series of clinicians. Although angina is rarely if ever produced by smoking, 
it has been observed that the symptoms may disappear on omitting the use of 
tobacco. The present investigation was undertaken to study the effect of 
cigarette smoking on coronary blood flow, cardiac output, peripheral blood 
pressure, and pulse rate in individuals with arteriosclerotic heart disease. 


Procedures 


Seven male individuals were studied. All had proved electrocardiographic 
and clinical evidence of myocardial infarction that had occurred from seven 
months to two years preceding the test. All patients suffered from angina 
pectoris during exertion, and the pain was relieved by nitroglycerin. Only 
three of the patients (W.T., S.K., E.Z., TABLE 1) had positive Master’s tests at 
the time of catheterization. None of the patients were in clinical congestive 
failure, and the heart was not enlarged by X ray. In all subjects peripheral 
venous and right atrial pressures were found to be normal on cardiac catheteri- 
zation. 

The patients were studied in the following manner. The coronary sinus 
was catheterized in the usual manner, using a No. 7 catheter. Following this, 
a second catheter, No. 6, was introduced through the same vein and the tip 
was placed into the-right atrium. An indwelling needle was inserted into a 
brachial artery. The expired air was then collected in a Tissot spirometer for 
analysis of expired air and computation of O2 consumption. Simultaneously, 
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right atrial and brachial artery samples were taken after the coronary flow 
samples for determination of the cardiac output by means of the Fick principle, 
and brachial artery and right atrial pressures were recorded. Coronary blood 
flow was measured by the nitrous oxide method, using the desaturation method 
previously described. The patient then smoked two cigarettes over a 25-min. 


TABLE 1 


CARDIOVASCULAR EFFECTS OF CIGARETTE SMOKING IN 
PATIENTS WITH CORONARY ARTERY DISEASE 


Bg a ' “4 
oa = a Bi = o ES Ratio 
"o> 3 a oS = A, bo Lor 
sé a 2¢ 68 rs 3 34 Left 
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FU Adal 86as 932 i) -2.42-) 80. 1-05. | 6038.) .0,73 
oe 10 ieee ee Coa 2430 1) Sig OS l) 109." 9. 16 |” 1.05 
P values t t t t |>0.05 |<0.02 | >0.05/<0.05 | <0.01 


* Control values. ; 
t During cigarette smoking. 
t Not statistically significant. 


period, inhaling the smoke and taking a normal puff on the cigarette about 
once a minute. Blood pressure and heart rate were recorded during this period. 
The patient then inhaled the N2O mixture for 15 min. Immediately after- 
wards he smoked a third cigarette, during which the coronary blood flow was 
determined. ' Blood pressure and pulse rate were repeatedly measured and the 
cardiac output was taken at the conclusion of the determination of coronary 
flow. Oxygen content of blood was determined on the Van Slyke apparatus 
with the method of Van Slyke and O’Neill; nitrous oxide was measured accord- 
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ing to the method of Kety. Standard methods of calculating external heart 
work and efficiency were employed.*:® 


Results and Discussion 


TABLE 1 illustrates that smoking resulted in an increased heart rate in each 
patient. In six of seven patients, arterial blood pressure rose an average of 
about 10 per cent of the control value, as did the cardiac output. As a result 
of these changes, the left ventricular external work rose from an average of 6.38 
to 9.16 kg./m./min. 

In three of the patients the coronary blood flow did not change, while in 
three there was a slight fall. With one exception none showed the increase in 
coronary flow previously observed in normal individuals during smoking. The 
coronary arterial-venous oxygen difference did not change. The myocardial 
oxygen consumption increased very slightly in three of the seven patients. 
Since the work of the heart increased proportionately more than the oxygen 
consumption, the myocardial efficiency increased an average of 15 per cent. 

Data reported in this paper illustrate that smoking in patients with coronary 
heart disease results in no appreciable changes in coronary blood flow and 
myocardial oxygen consumption. However the heart rate, blood pressure, 
cardiac output, and work of the left ventricle increase. The observation that 
coronary blood flow fails to increase in the patients of this series is in contrast 
to previously published findings on normal individuals, who demonstrated a 
significant increase in coronary blood flow with presence of diminished left 
ventricle work.! This finding suggests that the electrocardiogram and ballisto- 
cardiogram changes observed during smoking are not due to a diminution in the 
coronary blood flow; instead, they appear to be the result of a relatively deficient 
oxygen supply to the myocardium in the presence of increased oxygen demands, 
conditioned by increase in cardiac work. This is illustrated by the finding 
that the ratio of work over oxygen consumption increased in every single pa- 
tient (TABLE 1). It has been shown that nitroglycerin fails to increase coronary 
flow but diminishes cardiac work in patients with coronary heart disease,’ 
thereby diminishing the ratio of left ventricular work over left ventricular 
oxygen consumption. This effect, rather than coronary vasodilatation, has 
been postulated as the mechanism responsible for the relief of pain in patients 
with coronary heart disease. The findings presented in this paper make it 
likely that smoking also exerts its acute effect in coronary artery disease not 


through an action of nicotine on coronary flow but through its effect on the 
work of the heart. 
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TOBACCO SMOKING, THE ELECTROCARDIOGRAM, AND 
ANGINA PECTORIS 


Bertil von Ahn 
Lasarettet, Eksjé, Sweden 


Ever since Favarger in 18872° claimed that excessive tobacco smoking pro- 
duced coronary constriction which, repeated over many years, gradually re- 
sulted in organic heart disease, tobacco has been considered an important cause 
of coronary disease. This view has been generally maintained, especially by 
German authors up to 1940, including Assmann, Deneke, Plenge, Schénberg, 
Strauss, Weiker, Lickint, and others.1_ Thus, according to general opinion 
twenty years ago, tobacco smoking often produced coronary spasm and was a 
common cause of angina pectoris. Hence it followed that tobacco smoking 
gradually came to be considered to be a direct precipitating cause of heart 
infarction. Incorrect interpretation of the electrocardiogram contributed to 
this viewpoint. Many authorities used to regard a flattening of the T waves 
alone as evidence of myocardial ischemia, and they therefore considered that the 
theory of tobacco smoking as a precipitating cause of coronary spasm could be 
confirmed by the electrocardiogram. If it was indeed true that tobacco smok- 
ing could precipitate heart infarction, then smoking was a very severe risk to 
patients with coronary disease. 

Critical voices have been raised, however, suggesting that the supposedly 
deleterious effect of tobacco smoking has been greatly exaggerated, and that it 
does not provoke coronary thrombosis (Johnson et al.'). 

Such was briefly the concensus in about 1944. A number of investigations 
concerning the effect of tobacco smoking on the electrocardiogram in man had 
already been published at that time.! The usual findings during smoking tests 
were increased heart rate, a slight flattening of the T waves (1 to 2 mm.), and 
a corresponding slight depression of the S-T segments. Considering the com- 
monly prevailing opinion of the deleterious effect of tobacco smoking on heart 
activity and coronary flow, these electrocardiographic findings were surprisingly 
meager: if it were true that smoking produced coronary spasm and angina 
pectoris, the smoking tests should have provided more concrete evidence of it. 

In order to find new facts on the effect of tobacco on the heart, I initiated 
in 1944 a series of investigations carried out over the years 1944 to 1954. This 
series comprised a study of the effect of tobacco smoking and nicotine on the 
electrocardiogram in normal habitual smokers and nonsmokers (published in 
1946, 1947) and in patients with severe coronary disease (1949); nicotine-tests 
on rabbits (1952); a study of two cases of severe acute nicotine poisoning in 
man (1952, 1953); and, finally, an investigation into the immediate effect of 
tobacco smoking and nicotine on the electrocardiogram in man during induced 
hypoxia.! 


Some details about the pharmacological basis of these experiments will be 
given first. 


Pharmacological Background 


According to the pharmacological textbooks, nicotine produces in animals 
an initial decrease in heart rate through stimulation of the vagus or through 
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paralysis of the sympathetic nerve. Then, after large doses, tachycardia is 
induced through sympathetic stimulation or through paralysis of the para- 
sympathetic ganglia. Nicotine stimulates both the sympathetic and para- 
sympathetic ganglia, and it influences directly the muscles of the heart and 
vessels. The effect of nicotine thus varies greatly. 

In animals nicotine produces coronary constriction, but is also capable of 
dilating the coronary vessels (see Laubry ef al.").  Biilbring et al. (1949)2! have 
shown that in anaesthetized dogs nicotine produces an initial increase in the 
coronary flow, followed by a prolonged reduction. 

Nicotine also stimulates certain endocrine glands, including the adrenals 
and posterior lobe of the pituitary. Because of this, smoking results in in- 
creased liberation of adrenaline, noradrenaline, and antidiuretic hormone (Burn, 
1951). This last-named hormone is believed to be identical with pitressin. 
Burn and Rand have shown that nicotine can release small quantities of nor- 
adrenaline and adrenaline from stores within the heart2 

The pharmacological effect of nicotine is thus complicated, the net effect 
being difficult to estimate. 

In the past the textbooks of pharmacology have emphasized, often one- 
sidedly, the constrictor effect of nicotine on the coronary vessels. Most 
clinicians seem to have shared this view, regarding it as evidence in favor of 
the hypothesis that tobacco smoking precipitates coronary spasm and angina 
pectoris. It isa fact, however, that nicotine in small doses is capable of dilating 
the coronary vessels. This is seldom mentioned in the pharmacological and 
clinical literature, but is emphasized in Goodman and Gilman’s recent text- 
book.’ 

In ordinary smoking the constant initial finding is tachycardia (stimulation 
of sympathetic ganglia), in contrast to the bradycardia (parasympathetic 
stimulation) found in animal experiments. Only in connection with prolonged 
chain-smoking is marked stimulation of the vagus reflected in the electrocardio- 
gram with bradycardia, high, broad T waves, and an upward displacement 
(elevation) of the S-T segments. 

The doses of nicotine, measured per kg. body weight, generally employed 
in animal experiments have considerably exceeded the amount of nicotine 
absorbed during ordinary smoking. On smoking one cigarette, 0.007 to 0.0143 

_ mg. of nicotine is absorbed per kg. body weight in an adult man weighing 70 kg. 

If it is true that dilation of the coronary vessels is brought about via the 
sympathetic fibers and constriction via the parasympathetic fibers, it is reason- 
able to assume that small doses of nicotine will result in increased coronary 
circulation due to stimulation of the sympathetic ganglia. To this, however, 
must be added the direct effect of nicotine on the muscles of the vessels and 

myocardium, and the increased liberation of antidiuretic hormone and catechol- 


amines. 
Electrocardiographic Findings 


During the years 1946-1954 a number of papers on the effect of tobacco 
smoking on the electrocardiogram have been published. These are reviewed 
in my monograph.! The findings may be summarized as follows: 

(1) Ordinary tobacco smoking results in an increase in heart rate by 15 to 


24 beats/min. 
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(2) At the same time there is a slight depression of the S-T segments, and a 
flattening of the T waves by 1 to 3 mm. in leads 1, 2, and 3. 

(3) The increase in heart rate and the flattening of the T waves are more 
pronounced in healthy young subjects than in older persons and elderly, habit- 
ual smokers. 

(4) The effects of smoking and intravenous injection of nicotine (1 to 2 mg.) 
on the ECG are identical. 

(5) The ECG findings during smoking are essentially similar in healthy 
persons and in patients with coronary disease. 

(6) Many patients with severe heart disease are able to chain-smoke to near 
intoxication without showing immediate cardiac deterioration. 

(7) Angina pectoris never develops in healthy smokers while actually smok- 
ing, even after prolonged chain-smoking. 

A few patients with coronary disease react with true angina pectoris and 
simultaneous electrocardiographic changes, both signs of temporary myo- 
cardial ischemia. 

In these cases tobacco seems to exert a very untoward, not to say dangerous, 
effect on cardiac function. The coronary reserve remains reduced for several 
hours, cardiac efficiency is very markedly lowered, and the disposition to anginal 
attacks increases. 

(8) Tobacco smoking or injection of nicotine in man during induced hypoxia 
produces essentially the same electrocardiographic changes as smoking under 
normal conditions. 

No electrocardiographic evidence of myocardial ischemia can be found in 
man even during induced hypoxia. 

(9) Extrasystoles are seldom recorded on the ECG during smoking. 

(10) In no case has heart infarction been reported in connection with smoking 
tests. 

(11) Two cases of transient auricular fibrillation during severe acute nicotine 
poisoning in man have been described. 

(12) In rabbits large doses of nicotine must be given (at least 3.25 mg./kg. 
body weight) in order to provoke arrhythmia. 

Since the publication of these experiments two more reports have appeared 
(Kreuziger et al.4 and Russek e¢ al.*). These do not alter the above conclusions 
concerning the electrocardiographic findings. A third case of paroxysmal 
auricular fibrillation on acute nicotine poisoning in man was described in Poland 
by Pedich in 1956.° 

How may the electrocardiographic changes observed during smoking be 
explained? 

Physiological stimuli such as moderate exercise or emotion produce in healthy 
subjects an increase in heart rate, linear flattening of the T waves, and lowering 
of the S-T segments. This is exactly what may be found on the electrocardio- 
gram during smoking. The more the heart rate increases during smoking, the 
more pronounced is the flattening of the T waves and the S-T segments. The 
electrocardiographic changes are not so marked as to be considered pathological. 

The electrocardiographic changes in smoking can be reproduced by a physio- 
logical stimulus (exercise on the bicycle ergometer) or by injection of atropine. 
They can be totally or partly eliminated by injecting dihydroergotamine. 
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These facts provide strong evidence in support of the hypothesis that electro- 
cardiographic changes associated with smoking are due to increased sympathetic 
tone provoked by the stimulus of nicotine on the sympathetic ganglia or by 
parasympathetic inhibition. The electrocardiographic changes following 
smoking have been misinterpreted in the past, and their importance has been 
greatly exaggerated. In assessing the electrocardiogram it is essential to bear 
in mind any effect of increased heart rate alone and the effect of associated 
physiological phenomena upon the record. Statistical examination of the 
findings reveals the effect of nicotine tachycardia on the electrocardiogram to 
be insignificant! (r1cuREs 1, 2, 3). 
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Ficure 1. Comparison of the T waves after atropine (0.75 mg.), nicotine (1 mg.), and 
exercise during hypoxia. The lines drawn between the amplitudes of the T waves at 6 and 
17 min. of hypoxia have the same inclination in leads CR, and CR; in all tests. After von 
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In a few cases, after smoking or injection of nicotine in man, I have noted 
electrocardiographic changes more pronounced than expected, considering the 
simultaneously increased heart rate. These changes were strikingly similar 
to those seen after small doses of adrenaline. It is reasonable to assume that 
in these very cases a particularly great secretion of adrenaline had occurred 
(FIGURE 4). 

Since smoking may also cause increased liberation of antidiuretic hormone 
(pitressin) from the posterior lobe of the pituitary, there is another possible 
explanation. Pitressin exerts a constrictor effect on the coronary vessels. 
Greatly increased secretion of pitressin may also have occurred in isolated 
cases. This hormone may possibly predispose to myocardial ischemia, espe- 
cially in hypoxia. Bellet e/ a/.,?? in experiments on animals, have shown that 
an ischemic heart is particularly sensitive to nicotine. 

It is striking, however, that the nicotine effect on the electrocardiogram in 


man during hypoxia is so slight. 
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Biilbring et al. have compared the effect of nicotine and pitressin on the 
coronary circulation in animals. From their experiments they conclude that 
sufficient antidiuretic hormone is liberated on ordinary smoking to reduce the 
coronary flow in man. In some particularly susceptible subjects the amount 
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FicurE 2. The straight lines demonstrate the flattening of the T waves in leads CR» i 
CR, , and CR; after exercise and intravenous injection of 3 mg. of nicotine. The nicotine 


line has exactly the same inclination as the “physiological” line after exercise in the various 
leads. 
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Ficure 3. The straight lines demonstrate the flattening of the T waves in lead CR, 
after nicotine (0.33 mg.), adrenaline (7.5 y), and exercise. All three lines have the same incli- 
nation, indicating that the electrocardiogram was equally influenced in each of the three tests. 
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of hormone liberated is calculated to be considerable. On the other hand, 
Walker™ observed no antidiuretic effect in 6 of 13 students after the smoking 
of one cigarette. Five of these six were smokers. Not until another cigarette 
had been smoked was inhibition of diuresis noted. The simultaneously in- 
creased secretion of adrenaline and, particularly, of noradrenaline may possibly 
have reduced the effect of pitressin on the coronary flow. Adrenaline increases 
the oxygen consumption of the heart and may predispose to myocardial ische- 
mia, whereas noradrenaline dilates the coronary vessels. However, the amount 
of pressor amines liberated from the suprarenals on smoking is considered by 
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i i in lead CR, after cigar 
Ficure 4. Comparison between the flattening of the T waves in f 
smoking, nicotine (1 aE and 3 mg.—nicotine I resp. IT), adrenaline (30), andexercise. The 
lines have practically the same inclination, except for that of adrenaline, which inclines steeply. 
Thus adrenaline (in the dose employed) exerts a considerably more potent effect on the T 
waves than do nicotine and exercise. 


certain investigators to be so small as to lack any practical importance.’ 8 
If this is largely true the effect of pitressin on the coronary flow should pre- 
cen et al.® published in 1957 an interesting investigation on the fe a 
of cigarette smoking on the coronary circulation in man. Catheterization o 

the coronary sinus was performed in 14 subjects without known ce 
disease. The coronary flow was estimated by “the nitrous oxide desaturation 

method. ‘The result showed a significant increase in coronary flow on smoking. 


Tobacco Smoking and Chest Pains 


i ive tobacco smoking can 
mon knowledge that prolonged and excessive to ¢ in 
Bik. Be pains. Huchard gave in his textbook of 1889 (first edition) a 
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particularly graphic account of this syndrome in heavy smokers, and introduced 
the term “tobacco angina.’ The etiology of this well-defined syndrome has 
been much discussed and is still unknown. The pains do not as a rule develop 
in immediate association with smoking. They are sometimes very severe and 
of long duration, and often resemble a stubborn neuralgia. The state may 
possibly be a toxic neuralgia of the Plexus cardiacus, as Richter has proposed." 
Tobacco angina occurs in clinically healthy smokers as well as in smokers with 
coronary disease and may, in these latter, be difficult to distinguish from, 
and may simulate, a heart infarction. It may be added that nitroglycerin has 
no effect on these chest pains. 

I have investigated the influence of smoking on some cases of tobacco angina. 
None of the subjects developed chest pains, and no ECG changes could be 
observed during or immediately after the smoking tests. 

In some cases, however, smoking immediately precipitates angina pectoris 
with pathological ECG changes. This never occurs in smokers with clinically 
healthy hearts, but only in smokers with coronary disease. In these cases 
there is undoubtedly hypersensitivity to tobacco, as stipulated by Joseph 
Harkavy,”> who has studied allergic states in tobacco smoking. This hyper- 
sensitivity may take different forms. Smoking may result in immediate 
tachycardia, or in true coronary spasm with normal or slightly increased heart 
rate, or both. These two phenomena can easily aggravate a latent myocardial 
ischemia and precipitate angina pectoris. I have described three cases of true 
angina pectoris after smoking probably caused by the conditions assumed in 
this discussion. 

It is very rare to find patients with angina pectoris that develops in immediate 
relation to tobacco smoking. I have been looking for such cases in Sweden 
over a period of ten years, but have found only these three and, up to 1954, 
only about a dozen had been described in the literature.! 

On the basis of the findings of Burn ef al. on the effect of nicotine on the 
pituitary, smoking might be supposed to produce a deleterious effect on the 
coronary flow, especially in patients with coronary disease and small coronary 
reserve. This does not seem to me to be the case, however. Many patients 
with severe coronary disease can chain-smoke to the limit of intoxication with- 
out showing signs of angina pectoris or other immediate disturbance of cardiac 
function. Robert Levy ef al. also subscribe to this view." The effect of 
pitressin can therefore hardly be very marked in habitual smokers, in whom 
nicotine is rapidly metabolized. The rapid breakdown of nicotine and its fate 
in the organism have been studied in detail by Larson et al. and Werle et al.2 
According to Wolff e¢ a/.”8 no less than 80 to 95 per cent of the nicotine absorbed 
during smoking is metabolized during the actual period of smoking. 

The differential diagnosis of chest pain is not easy. Such pain includes 
cardiac pain, rheumatic pain, biliary and peptic ulcer pain, and pain of nerve 
root origin, to mention only a few. The diagnosis of angina pectoris and even 
of heart infarction has often been made in cases of radicular syndrome.” In 
the past, before it was realized that there were so many widely differing causes, 
chest pain in smokers was undoubtedly often ascribed to coronary disease 
provoked by tobacco (see in particular the German literature, including Strauss, 
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Lickint, and others). Faulty diagnosis has been responsible for the belief that 
tobacco smoking 1s a common cause of coronary spasm and true angina pectoris. 
If tobacco angina occurs in a patient with true coronary disease and angina 
pectoris, the situation is more complicated and is readily misinterpreted. It 
may then be very difficult to decide which pains are due to tobacco and which 
to the coronary disease. 
_ In summary it may be said that electrocardiographic investigations carried 
out in man have not shown that ordinary smoking has any immediate delete- 
rious effect on the heart, or that it predisposes to angina pectoris, except in 
rare cases. 

Thus the electrocardiographic findings do not support Favarger’s old hypoth- 

esis of tobacco smoking as a cause of coronary spasm and heart disease. 
* This does not imply, however, that tobacco smoking in the long run is an 
innocent habit. Prolonged and excessive consumption of tobacco, especially 
in the form of cigarette smoking, is generally considered to have a deleterious 
effect on the cardiovascular system. 

Statistical investigations carried out in recent years confirm that heavy 
smoking may be at least a contributory factor in the genesis of coronary dis- 
ease.¥191°.7 There are, however, conflicting opinions concerning this view- 
point. That a statistical correlation between the smoking habit and coronary 
disease has been noted does not prove that there is a direct biological relation- 
ship between them. It is possible that the relationship is only indirect, as 
Bronte-Stewart suggests, both the habit and the disease being dependent on “a 
third and common factor.”"* A similar view has been advanced by Friedman 
and Rosenman, who observed no “pathogenic relevance” between cigarette 
smoking and coronary disease. 


References 


. von Aun, B. 1954. The acute effect of tobacco smoking and nicotine on the electro- 
cardiogram especially during induced hypoxia. Acta Med. Scand. Suppl. 292: 1-112. 

. Burn, J. H. & M. J. Ranp. 1958. Action of nicotine on the heart. Brit. Med. J. 
I: 137. 

. Goopman, L. S. & A. Gruman. 1958. The Pharmacological Basis of Therapeutics. 
Macmillan. New York, N. Y. ; i 

. Kreuzicer, H., R. HEINECKER & F. Kemper. 1955. Ueber den Einfluss des Zigaretten- 
rauchens auf den Kreislauf. Z. Kreislauff. 44: 879. ; 

. Russex, H. 1., B. L. Zonman & V. J. Dorset. 1955. Effects of tobacco and whiskey 
on the cardiovascular system. J. Am. Med. Assoc. 157: 563. : 

. Pepicu, W. 1956. Praypadek migotania przedsionkow w nastepstwie ostrego zatrucia 
nikotyna. (Case of auricular fibrillation as a result of severe nicotine poisoning.) 
Odbitka Z “Polskiego Tygodnika Lekarskiego” R. XI Nr. 16. ae 

7. Straus, W. & A. AMANN. 1940. Ueber die Wirkung des Nikotins und die Diatetik des 
Tabakgenusses. Klin. Wochschr. 19: 169. ; : 

8. Renper, K. & G. M. Rorw. 1959. Effect of smoking on the fasting blood sugar and 
pressor amines. Circulation. 20: 224. 

9. BarcEron, L. M., Jr., D. Exmxe, F. Gontusor, A. CasTELLanos, A. Stecer & R. J. 
Binc. 1957. Effects of cigarette smoking on coronary blood flow and myocardial 
metabolism. Circulation. 15: 251. : : 

10. Ricuter, F. 1939. Quoted by F. Lickint, Tabak und Organismus. : 489. Hippo- 

krates-Verlag Marquardt. Stuttgart, Germany. “i 

11. Levy, R.L., J. H. L. Matuers, A. A. MuELier & J. L. Nickerson. 1947. Effects of 

smoking cigarets on the heart. J. Am. Med. Assoc. 135: 417. Le 

12. Werte, E., H. Scureversem & D. SpretH. 1956. Zur Pharmakologie des Nikotins 

und zur Entgiftung des Nikotins durch den Organismus. Arzneimittelforschung. 


Mitt. Klosterneuburg. 5: 265; 6: 322. 


Nn nO FF WO HY SB 


198 Annals New York Academy of Sciences 


13. 


Davis, D. 1957. Radicular Syndromes with Emphasis on Chest Pain Simulating Coro- 
nary Disease. Year Book Publ. Chicago, Ill. 


. British MEpIcaL JouRNAL. 1955. J: 91. Smoking and coronary thrombosis. 
. British MEpIcAL JouRNAL. 1956. JJ:90. Smoking and the cardiovascular system. 
. Roru, G. M. & R. M. Suicx. 1958. Effect of smoking on the cardiovascular system 


of man. Circulation. 17: 443. 


. Buecutry, R. W., R. M. Drake & L. Brestow. 1958. Relationship of amount of 


cigarette smoking to coronary heart disease mortality rates in men. Circulation. 18: 
1085. 


. BRontrE-STEWART, B. 1956. Smoking and the cardiovascular system. Brit. Med. J. 


II: 659. 


. FriepMan, M. & R. H. Rosenman. 1959. Association of specific overt behavior pat- 


tern with blood and cardiovascular findings. J. Am. Med. Assoc. 169: 1286. 


. Favarcer, H. 1887. Dieechronische Tabakvergiftung und ihren Einfluss auf das 


Herz und den Magen. Wien. klin. Wschr. Nr. 11-14. 


. Bursrine, E., J. H. Burn & J. M. Waker. 1949. Reduction in coronary flow by 


pituitary (posterior lobe) extract in relation to the action of nicotine and to smoking. 
Quart. J. Med. 18: 73 


. Burn, J. H. 1951. Antidiuretic effect of nicotine and its implications. Brit. Med. J. 


II: 199. 


. BELLET, S., A. KersHpaum, R.H. MeapE & L. Scuwartz. 1941. The effect of tobacco 


smoke and nicotine on the normal heart and in the presence of myocardial damage 
produced by coronary ligation. Am. J. Med. Sci. 201: 40. 


. WALKER, J.M. 1949. The effect of smoking on water diuresisin man. Quart. J. Med. 


18: 51. 


. Harxavy, J. 1938. Hypersensitiveness to tobacco and biopsy studies of skin reactions 


in vascular disease. J. Allergy. 9: 475. 


. Harxavy, J. 1946. Vascular allergy. Clinics. 5: 504. 
. Larson, P. S., J. K. Finnecan & H. B. Haac. 1949. Studies on the fate of nicotine 


in the body. J. Pharmacol. Exptl. Therap. 95: 506. 


. Wotrr, W. A., M. A. Hawkins & W. E. Gites. 1948. The spectrophotometric esti- 


mation of nicotine in blood. J. Biol. Chem. 175: 825. 


- Idem. 1949. Nicotine in blood in relation to smoking. J. Pharmacol. Exptl. Therap. 


96: 145. 


Part V. Panel Discussion 


SIGNIFICANCE OF ELECTROCARDIOGRAPHIC AND 
BALLISTOCARDIOGRAPHIC CHANGES 
INDUCED BY SMOKING 


Isaac Starr, Moderator 
University of Pennsylvania School of M. edicine, Philadelphia, Pa. 


Isaac STARR: I find myself in a very familiar position. My career has been 
in the area lying between clinical medicine and physiological and pharmacologi- 
cal sciences, so I have spent my working life suspended between these disci- 
plines. I am sure that my clinical friends think of me as a physiologist or a 
pharmacologist—I don’t know which—but I am equally sure that physiologists 
and pharmacologists think of me as a clinician, and they would have reason to 
do so because, for about 25 years, I took charge of a medical ward for at least 
four months every year; thus, I have had a great deal more clinical experience 
than most physiologists. 

On the other hand, my friends among clinicians are accustomed to say that I 
do not think the way they do. They tell me that my thinking is like that of 
the physiologists. I have no doubt that this is true, and I do not think of it as 
a criticism. 

My background being what it is, I plan in this discussion to consider what is 
said elsewhere in this monograph in relation to certain clinical conceptions and 
to restate some of the pertinent observations that have been made in recent 
years. 

May I start by pointing out what has been the reaction of the ordinary doctor 
to smoking. ‘There has been, for example, a strong opinion that smoking is in 
some undefined way adverse to physical fitness, and that people in training for 
running races or rowing races or any great exertion or skill performed better if 
they did not smoke. In so far as I know this has remained an opinion with 
very little objective evidence to support it, but it is certainly a widely held 
opinion. I might say, however, that some of the best baseball players are re- 
ported to smoke heavily. 

Another thing that has long been in the doctor’s mind is that tobacco has 
something to do with extrasystoles. Thus if a 50-year-old gentleman complains 
of feeling a couple of thumps in his chest for the first time (and practically every- 
body over 50 has extrasystoles), his doctor is likely to inquire whether he has 
not been smoking a little too much and to advise him to cut it down. This 
advice is given because, in my opinion, the doctor does not know what else to 
say. In so far as I know, there is no objective evidence for the belief that 
smoking is the cause of extrasystoles or that cessation of smoking is effective in 
diminishing their frequency. 

For a long time the profession has had the knowledge that in some people 
smoking caused attacks of angina pectoris. When I was in medical school, this 
tobacco angina was considered to be a great rarity, and if one found a clear 
case of that kind (and there were indeed clear cases) it deserved reporting in 
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the medical literature. The idea that tobacco has lesser but more frequent 
effects on the heart is a newer development. 

It can also be said with great confidence (and I am sure Burn is pleased with 
this) that adrenalin will cause anginal attacks in those subject to this disease. 
There is no doubt about this. Indeed, a good and wise clinician once suggested 
that an injection of adrenalin provided a good test for the detection of angina 
pectoris and, for a while, many doctors gave adrenalin to their patients as a 
diagnostic test; if an anginal attack followed, the diagnosis was proved. I 
can assure you that such attacks often did follow adrenalin and, in my part of 
the world, some of these were so severe and alarming that the test had to be 
abandoned. 

I must admit that I do not know whether noradrenalin will cause angina or 
not, but I can remind you that when, after patients have had a severe attack 
of cardiac infarction and the blood pressure has fallen to alarming levels, nor- 
adrenalin has been used very frequently. Indeed the general clinical opinion 
is that noradrenalin is probably the best of the drugs now known to combat that 
situation. This situation is a very serious one, and many of these patients 
have died. This drug does not seem to cause pain in these cases, and certainly 
it appears to benefit many patients. 

I ought also to speak of the new data from England indicating a very strong 
correlation between the smoking habits of doctors and their deaths from coro- 
nary heart disease. This observation is, to my mind, one of the factors in the 
situation that cannot be ignored. 

Finally, I ought to point out that the classic clinical tests, the pulse and heart 
sounds, provide no evidence of the association of angina pectoris with the heart. 
It was in my medical lifetime and that of the older people here that the famous 
clinician Clifford Albut doubted whether the pain in angina pectoris came from 
the heart. He thought it came from stretching the aorta. You must also re- 
member that the clinical recognition of cardiac infarction, and the association 
of that pain with the heart, also came during my medical lifetime. In my early 
career I was taught that this pain was an “acute indigestion” that sometimes 
resulted in death in some obscure fashion. Accordingly it is evident that the 
simple clinical methods such as listening to the heart and feeling the pulse 
- to detect a great deal of heart disease that can be detected by modern meth- 
ods. 


Frank W. Davis, Jr. (The Johns Hopkins University School of Medicine, 
Baltimore, Md.): Interest in smoking and the ballistocardiograph has grown 
largely from efforts by my associates and myself to devise a means of introduc- 
ing stress to the cardiovascular system that might be measured and monitored 
in patients who have actual coronary heart disease or potential coronary heart 
disease; that is, some means of further delineating the apparently normal popu- 
lation from the population with coronary disease—but a method that still makes 
ballistocardiographic recording possible. 

We have undertaken a wide variety of stressful procedures using the ballisto- 
cardiogram as a monitor. The stresses we used have included anoxemia and 
exercise, smoking, nicotine, and ergonovine. To date our best stress test, used 
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Ficure 1. The effects of cigarette smoking on the ballistocardiogram. (IA) Control 
record of a 51-year-old man with angina pectoris. (B) BCG immediately after smoking. 
The amplitude decreases, the H wave shows relative augmentation, and I and J are shortened 
and rounded. ‘This represents a positive test. (IIA) Control BCG from a 50-year-old man 
with angina and hypertension. (B) BCG immediately after smoking. Many “early-M” com- 
plexes appear. This is also a positive test. (IIIA) Control BCG from a healthy 55-year-old 
physician. (B) Record immediately after smoking, showing no change from the control BCG. 
This is a negative test. Reproduced by permission of C. V. Mosby Co. from the American 


Heart Journal, 46: 529. 
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in an empirical manner, has been the ballistocardiogram observed before and 
after smoking a cigarette. 

In simple terms, we have found that the most useful approach is simply to 
obtain a control ballistocardiogram, electrocardiogram, and a blood pressure 
measurement, ask the subject to smoke a cigarette and observe the changes as 
they occur immediately after smoking and five minutes after smoking. The 


THE BALLISTOCARDIOGRAPHIC CIGARETTE TEST 
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FicureE 2. The incidence of borderline and positive ballistocardio ic ci 

; : 0 b graphic cigarette tests 

in normal subjects and patients with coronary heart disease. The eaideine eh decades 

(the first column in each group represents two decades), with the number of subjects presented 

= the oP of each see pote bey planar in incidence of positive tests between normal and 
iseased groups 1s statistically significant in each decade.) Reproduced b issi 

V. Mosby Co. from the American Heart Journal, 51: 168. r d steiner 


reaction is classified as negative if there is no change in the ballistocardiographic 
pattern, as borderline if there is deterioration of expiratory complexes, and as 
positive if there is gross deterioration of the ballistocardiographic pattern. 
Ficure 1 shows representative responses from three subjects. For each a 
control BCG and animmediate postsmoking BCG is shown. The first two are 
from males in the sixth decade with angina, and the gross change from the con- 
trol to the distinctly altered pattern after smoking may readily be seen. In 
contrast, a control and postsmoking BCG in a normal male physician a the 


same age group shows no change. These are examples of what we consider 
positive and negative responses. 
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Many readers of these pages are perhaps familiar with our results in studying 
large numbers of patients and controls using this test. We have made well 
over 1000 such tests thus far, but I now propose to show older data obtained 
ee ne first 450 subjects thus studied and to review briefly some of the results 
obtained. 
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Ficure 3. The effects of oral nicotine on the ballistocardiogram in a 53-year-old man 
with angina pectoris. (A) Control BCG. (B) BCG immediately after smoking. (C) BCG 
after the sublingual administration of 0.5 mg. nicotine base in 0.1 mg. doses over a 5-min. 
period. Note the general similarity to the postsmoking record. Reproduced by permission 
of C. V. Mosby Co. from the American Heart Journal, 46: 529. 


FIGURE 2 shows the percentage of positive cigarette tests by age decade in 
the normal controls and in patients with coronary heart disease. Without be- 
laboring the minor features of this figure, several points are obvious. The first 
is that in the normal controls there are no positive tests in subjects under the 
age of 40. We have yet to see a positive test in a normal subject under 40. 
There is an mcreasing incidence of positive tests with increasing age in the 
normal control group, an over-all incidence of about 7 per cent positive tests 


in normal controls. Most of these subjects are over 50 and are predominantly 


males. 
In contrast, in the patients who have clinical coronary heart disease, a posi- 
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tive response was obtained in approximately one half the subjects. There is a 
similar age relationship but it is not quite as striking as in the normal controls. 
The diagnostic value of this test still exceeds that of any other instrumental 
method used in our laboratory. 
To evaluate further the means by which these changes are brought about we 
have administered nicotine by several routes to the patients with coronary heart 


| Ta 


ay 


5 MINUTES Pp LOmg. NICOTINE 1.V. 


Ficure 4. The effects of 0.1 mg. of nicotine base administered intravenously in a 64- 
year-old man with angina pectoris. Control tracing is abnormal, but immediately and 5 min. 
after nicotine there is gross deterioration of the complexes. There is an element of respira- 
tory artifact. 


disease. We first administered sublingual nicotine in small aliquots of 0.1 mg. 
of nicotine base per minute over a 5-min. period in an attempt to approximate 
the absorption obtained in smoking. 

FicurE 3 shows ballistocardiograms from a male subject with angina. The 
effect of smoking is demonstrated by the change from a slightly abnormal to a 
grossly abnormal pattern. The same subject, when given nicotine sublingually 
showed similar although perhaps less striking changes. 

In all the subjects in whom sublingual nicotine has been administered we 
noted changes roughly comparable to those obtained with smoking. 
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In some subjects the changes were more striking with sublingual nicotine, 
while in others they were more striking with cigarettes. 

In order to evaluate further the nicotine effects, we have recently undertaken 
a study of intravenous nicotine monitored with the ballistocardiograph. In- 
travenous nicotine seems perhaps more variable, at least to date, than sub- 
lingual nicotine, for reasons that are not clear to me, but in a dosage that varies 
_ from 0.5 to 1 mg. of nicotine base we were usually able to achieve BCG changes 
comparable to those obtained with smoking. 

FicureE 4 presents the results of a representative intravenous nicotine study 
in a 65-year-old male with angina. This patient’s control pattern is abnormal. 
His immediate postnicotine record (1 mg. nicotine base given intravenously 
over a 1-min. period) shows striking alteration from that seen in the control 
period. Some of these alterations are respiratory artifacts, but there is gress 
alteration in the pattern obtained in mid-inspiration. The gross changes from 
the previous BCG persist 5 min. after the intravenous nicotine. 

May I mention briefly several other features that I think are important in 
terms of the effect of cigarettes on the ballistocardiographic changes observed 
in our laboratory. First, we used a wide variety of filtered cigarettes, filtered 
cigarette holders, denicotinized cigarettes, and low nicotine cigarettes; irrespec- 
tive of the method used to try to avoid these changes, all cigarettes and filters 
have failed to protect the sensitive subject from these reactions. 

This, I think, is not surprising in view of the fact that only very small amounts 
of nicotine seem to be necessary in the sensitive coronary heart disease subject 
to bring about BCG alterations. We could prevent these changes in most in- 
stances by the presmoking administration of nitroglycerin, or we could abolish 
them after they had occurred. 

One other thing that seems important to us is that it makes little difference 
whether the patient inhales or does not inhale. It makes little difference 
whether he is a smoker or a nonsmoker. 

One more facet that I shall touch upon briefly is the question of whether this 
test has any prognostic addition to diagnostic significance. At the moment we 
have not completed the study of the past 10 years of cigarette tests; but I may 
say that as a prognostic method this test seems largely limited in usefulness 
to the young. Asa matter of fact, the test as a whole seems most useful in the 
young. : 

Of the patients during the past ten years who have had coronary heart dis- 
ease from the first, and who subsequently died, all who died under the age of 
forty had a positive cigarette test. Among the over-all group of coronary pa- 
tients who died or who survived, 66.6 per cent of those who died had positive 
tests at some time during the period of study. This is not very impressive, 
because 50 per cent of the entire group had positive tests. 


Borye Ejrup (Karolinska Sjukhuset, Stockholm, Sweden): Many early in- 
vestigators were of the opinion that the changes that appeared in the electro- 
cardiogram in connection with smoking or after injection of nicotine were the 
result of a coronary spasm, and that this explained the patient’s symptoms, 
Others pointed out the importance of the autonomic nervous system in this 
phenomenon. The results of von Ahn’s (1954) investigations refuted the 
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theories of coronary spasm as the cause and confirmed the role of the autonomic 
nervous system. His thesis emphasized the importance of Nordenfelt’s (1941) 
work with ergotamine and amy] nitrite to demonstrate the functional changes 
in the electrocardiogram, also of Sjostrand’s (1950) demonstration of the rela- 
tion between heart rate, S-T level, and changes in the T wave of the electro- 
cardiogram. These observations are fundamental in the interpretation of ECG 
changes in smokers as well. 

Von Ahn (1954) also carried out investigations under accentuated test con- 
ditions, including hypoxia, during which patients attempted to smoke and tried 
exercising. By means of atropine, Adrenalin, and ergotamine experiments, 
von Ahn demonstrated that the ECG changes were pulse-rate dependent. The 
higher pulse rate after smoking he regarded as a sign of stimulation of the 
sympathetic nervous system and considered it scarcely probable that any coro- 
nary spasm was present. Only in isolated cases was von Ahn able to induce 
ECG changes due to smoking that indicated deterioration of coronary circula- 
tion, that is, in three patients with coronary sclerosis. 


TABLE 1 


Reasons Given By 1012 Patients (616 MEN, 396 WomEN) FOR WISHING 
TO Stop SMOKING 


Reason No. of patients 
Poor physical condition 562 
Nervousness 524 
Chronic bronchitis 461 
Stomatitis 418 
Cardiac or vascular symptoms 240 
Digestive symptoms 240 


No. of patients who claimed they were unable to refrain 
from smoking for even one day 735 


In 1946 von Ahn also carried out experiments with chain smoking of up to 22 
consecutive cigarettes and, in several other cases, until the patient reached a 
state of intoxication, but he was unable to demonstrate any ECG changes other 
than those due to the more rapid heart rhythm. 

My own investigations are of an entirely different nature. They include 
studies of electrocardiograms from patients with chronic nicotine intoxication 
from smoking. Electrocardiograms have been recorded at rest and after differ- 
ent amounts of exercise up to the individual maximal load. As a rule the 
examination has subsequently been repeated after three weeks’ abstinence. 


Subjects 

In connection with the work now being carried on in Stockholm on breaking 
the smoking habit, data have been collected on symptoms associated with 
smoking from a comparatively large number of persons (about 3000). A more 
thorough analysis of the smoking habits, the effectiveness of the treatment, the 
reasons for the patient’s smoking, and why he or she wants to stop smoking 
has been carried out on a group of 1012 persons (Ejrup, 1956, 1959). 

TABLE 1 gives some data from that study. 

As is evident from the table, 562 of 1012 patients, that is, more than half, 
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wanted to stop smoking because of poor physical condition; 240, or about one 
fourth, wished to stop because of cardiovascular symptoms. It is also inter- 
esting to note that chronic bronchitis was present in one half of the cases. On 
the whole all the aforementioned symptoms disappeared when the patients 
stopped smoking. The general character of the group is indicated by the fact 
that it included 735 persons who felt they could not be without tobacco for a 
single day. On the average they smoked a package of 20 cigarettes per day. 
Against the background of the symptoms reported, one should expect to find 
electrocardiographic changes or other signs of cardiac damage from smoking. 
My experience with this group, however, showed that such was not the case. 


Different Investigations of the Subjects 
* The first group electrocardiographically investigated consisted of 80 smokers, 
who all complained of real or suspected symptoms from the cardiovascular 
system. 

Only five patients presented pathological ECGs. In 19 cases extrasystoles 
were found. All of the 80 cases stopped smoking after being treated at our 
antitobacco weaning clinic. In none of the five cases with signs of organic 
changes of coronary insufficiency was there any reason to suspect the smoking, 
and the changes persisted unchanged during abstinence. 

The remainder of the group had completely normal ECGs, and no later rou- 
tine test or control ECG was taken. The patients’ symptoms disappeared 
after the treatment, and obtaining control ECGs at that time presented con- 
siderable practical difficulty. 

This part of the investigation showed that no significant ECG changes were 
found clinically, notwithstanding the patients’ noticeable subjective symptoms. 
Only a few exhibited extrasystoles, which wholly conforms with the experience 
of other investigators (von Ahn, 1946). 

Another electrocardiographically examined group consisted of 28 patients 
selected at random from the clinic. 

Before and after the treatment they underwent tests of the blood, X-ray 
examination of the heart and lungs, and ECG at rest and after 8 min. in a 
standing position. Special heart function tests were carried out on an ergom- 
eter bicycle, according to Wahlund’s (1948) method, and three ECGs were 
made, one every two minutes, using routine methods worked out in the Patho- 
physiological Department of the Karolinska Sjukhuset. ae 

The entire series of tests was then repeated at a reexamination three weeks 

later, a fortnight after stopping smoking. 
Ina third group of 18 patients, some of the lung functions were examined 


before and after induced abstinence. 


Method of Investigation 
(1) After 20 min. of initial rest, the patient was placed in a reclining position 
and examined with standard leads (leads 1, 2, and 3), unipolar extremity leads 
(aVR, aVL, and aVF), and chest leads (CH; to CH, with the exception of 
CH. oe ir a 
(2) After eight minutes in an upright position, the patient was examine 


with the same leads. ie 
(3) While sitting on the ergometer bicycle, the patient was then examine 
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electrocardiographically during the second, fourth, and sixth minutes of exer- 
cise equivalent to 200 kpm./min.* for women and 300 kpm./min. for men. 
Leads 1, 2, 3, and CH, were used. 
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FicureE 1. 


(4) Immediately after this examination, the loads were increased to 400 and 
600 kpm./min., respectively, and new electrocardiograms were recorded during 
the second, fourth, and sixth minutes of the more strenuous exercise. 

(5) Three new electrocardiograms were made, at the same intervals, but 
with the loads increased again to 600 and 900 kpm./min., respectively. 

(6) If the patient was able to continue further, the loads were then increased 

* Kilogram-meters/min. 
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to 800 kpm./min. for women and 1200 kpm./min. for men, and the tests were 
repeated. 

The respiratory rate was recorded during each test. The pulse rate was read 
on the electrocardiogram. 
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Results and Discussion 


FicureE 1 shows the results of such a series of tests on one patient, The 
vertical scale presents the pulse rate, as measured on the electrocardiogram, 
and the horizontal scale indicates the type and magnitude of the work per- 
formed. The point at the extreme left of the figure shows the pulse rate at rest, 
and the second point from the left indicates the pulse rate after eight minutes 
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in an upright position. The pulse rate after 2, 4, and 6 min. is shown for each 
work load. The solid line represents the result obtained before the cure and 
the broken line, the result obtained one week after finishing the cure, or during 
abstinence. 
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FIGURE 3. 


At the bottom of the figure the respiratory rate before and after the cure is 
presented. 

As a rule the patients smoked from 20 to 40 cigarettes per day before. the 
cure and no cigarettes one week after the cure. In four or five cases however 
the patients smoked two or three cigarettes per day after the cure. 

As may be seen from the data in ricurEs 1 and 2, in patients at rest, then 
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for eight minutes in upright position, and later under the different work loads, 


there is a difference in the pulse rate, with a higher rate before, and lower-after, 
the cure. 


Pulse 
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In FIGURE 3, we find the same relationship. The difference is al 
great in the upright position. Without cigarettes the pulse was 65; during 
the time when the patient was smoking the pulse rate was - ae i 

Ficure 4 presents results obtained from an athlete in goo te ; a 
curve exhibits a lower pulse rate in general with increased Hy cit eo . 
work load; after stopping smoking, however, a still lower pulse rate was o 


tained. 
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On the other hand, the next case, that of a 35-year old woman who smoked 
20 cigarettes per day before the cure and cut down to from two to five per day 
after the cure, we find no significant difference between the two function tests 


(FIGURE 5). 
As may be seen from TABLE 2, of the 28 individuals chosen at random for the 
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aut : aa aa en were unchanged, and seven declined, considered in 
erms of pulse rate. In terms of respiratory rate, however, 18 im 
roved, th 
were unchanged, and six worsened. ibs: 
One expects that patients exhibiting tachycardia during a period of smoking 
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should be worse off functionally and should more easily and quickly reach the 
point of insufficiency. The difference in the heart rate before and after the 
cure, however, is not particularly great, and in some cases no difference was 
found at all. If there were an increased risk of coronary spasm, it should be 


TABLE 2 
PULSE AND RESPIRATION BEFORE AND AFTER ABSTINENCE 


Case no, Tnitials Sex Age Pulse rate result*| Respiratory rate 
result* 
1 A.H. F 60 I I 
2, A.A. F 54 NI W 
3 E.R. M Bs} W I 
, 4 G.K. M 52 WwW I 
5 ThBe M 52 W i 
6 M.S. F 51 I I 
7 BES: M 51 WwW I 
8 R.W. M 51 NI I 
9 S.W. M 48 it WwW 
10 Bei} F 46 It WwW 
11 E.A. M 46 NI i 
12 T.K. M 46 Ww WwW 
13 G.S. M 44 NI I 
14 Cin F 42 I iy 
15 O.H. M 42 I I 
16 G.N. M Al if I 
ily M.L. M 41 W — 
18 N.B. M 40 NI NI 
19 B.H. M 39 I il 
20 Teles M 39 I NI 
21 G:C. M 36 W if 
22 Ele F 36 I if 
23 R.A. F 35 NI iT 
24 E.T. M 35 NI NI 
25 S.S. M 34 I W 
26 B.B. M 33 NI WwW 
27 R.H. M 28 I I 
28 J.G. M 27 I I 
‘Totals: (for 21 Males and 7 Females) 
Ne 13 18 
NI: 8 3 
W: i 6 


* Comparisons were made. of the subjects’ pulses and respiratory rates before and after 
giving up smoking. I is an improvement; NI indicates no significant improvement; W means 


worse. 


apparent on the electrocardiograms recorded during the more strenuous exer- 
cise. Such is not the case except in a few instances; nevertheless it is important 
that these instances should not be completely ignored. 

An investigation with a similar method but without electrocardiograms used 
on 40 men in compulsory military service, carried out by Hirvonen et al. (1960, 
personal communication) should be mentioned in this connection. Work per- 
formed at a heart rate of 170 beats per minute was taken as basal value (ac- 
cording to the suggestion of E. Bengtsson, 1956). 

The Finnish investigators found that after the smoking of two cigarettes the 
function measured in kpm./min. decreased 9.6 per cent = 1.15 per cent. 
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The Study of the Electrocardiograms 


In the function tests I carried out, as mentioned earlier, electrocardiograms 
were recorded at all the points indicated in the figures, and the examination 
of these ECGs also included study of the S-T segments and T waves. The 
majority of the patients showed S-T depressions during the more strenuous 
exercise and the T waves decreased in height. In some cases, a certain differ- 
ence was apparent in the electrocardiograms before and after the cure, in that 


TABLE 3 
Lunc FUNCTION OF SMOKERS BEFORE AND AFTER ABSTINENCE 


Cigarette con- |FEV in 1 sec. as 
sumption /day a % of FVC* 
Case no. Initials Sex Age Resultst 
Before | After | Before | After 
1 A.H. F 60 15 0 91-3 | 9122 NI 
4 G.K. M 52 13 0 58.6 | 72.3 I 
9 S.W. M 48 40 0 83.4 | 83.6 NI 
12 Kee M 46 30 0 90.7 | 87.0 W 
14 CL. F 42 20 0 66.7 | 80.0 I 
15 O.H. M 42 20 0 CE Sr an te age! I 
16 G.N. M 41 10t 0 66.7 | 73.7 I 
20 Atal bs M 39 25 0 86.2 | 87.8 I 
23 R.A. F 35 20 4 63.8 | 63.4 NI 
26 B.B. M 33 20 0 84.1 | 80.5 W 
27 R.H. M 28 23 0 90.0 | 93.1 I 
28 J.G. M 27 25 0 82.4 | 92.4 I 
29 HL. M 43 30 5 54.4 | 72.5 I 
30 N.K. M 55 20 0 67.8 | 74.6 i 
31 S.O. M 63 33 6 69.4 | 73.8 it 
o2 A.H. F 50 20 0 79.6 | 83.8 af 
33 SHUR M 28 35 0 71.2 | 87.3 I 
34 E.C. M 56 25 2 83.0 | 77.1 W 
Totals: (for 14 Males and 4 Females) 
I: 12 
NI: 3 
W: 5 


* The forced expiratory volume (FEV) of the lungs in 1 sec., expressed as a percentage 
of the total forced vital capacity (FVC). 


{ Eororents an improvement; NI indicates no significant improvement; W means worse. 
igars. 


the S-T segment was somewhat more depressed before, that is, while the pa- 
tient still smoked. This difference rarely exceeded 1 mm. in the extremity 
leads and 2 mm. in the chest leads, however. Those changes could be corre- 
lated with an increased heart rate, according to Sjéstrand (1950, 1952), and 
not necessarily regarded as inducing coronary spasm. 

In the majority of the cases in this study I have pressed the patients to the 
point of “coronary insufficiency” with depression of the S-T segments, but have 
not been able to detect any significant difference in the electrocardiograms be- 
fore and two weeks after the cure. It should be noted, however, that after 
the patients have stopped smoking, they were able, as a rule, to drive them- 
selves further and thus were able to perform a somewhat greater amount of 
exercise with greater subjective ease. 


It is desirable that the investigation be extended to include functional tests 
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at later dates; for example, after two months or one year of complete abstinence 
from smoking. It is possible that a more definite difference will then be appar- 
ent in the functional capacity of the patient. 

Comparison of the objective findings with the appreciable subjective relief 
and improvement in condition reported by the patient after he had stopped 
smoking shows that the functional impairment during smoking must be of a 
type other than that which can be recorded electrocardiographically. 


Some Investigations of the Lung Function 


In a third group, consisting of 18 patients selected at random, the lung func- 
tion was examined in a Bernstein spirometer. The forced vital capacity of the 
lung (FVC) and the forced expiratory volume in one second (FEV: 1 sec.) were 
estimated. Twelve of these 18 cases were thoroughly examined, as described 
for the group of 28 patients mentioned above. 

The results are shown in TABLE 3. If the FEV as a percentage of FVC is 
higher after abstinence than before, I have called it an “improvement (I).” 
If the difference is less than 1 per cent, I have used the expression “not im- 
proved (NI)” and if it is less after abstinence than before, the result is indicated 
as “worse (W).”’ Considering the group in these terms, I found 12 cases im- 
proved, three not improved, and three worse. 

I also investigated the forced vital capacity (FVC) in these cases and ob- 
served a definite difference, with a change for the better during the abstinence 
period. It is possible that ease of breathing is the subjectively important 
aspect. Diffuse bronchial stenosis with difficulty in expelling the air is inter- 
preted by the patient as an impairment of the physical condition. A more 
difficult breathing process, involving increased work for the patient, naturally 
constitutes a handicap, and the essential effect seems not to lie in the cardiovas- 
cular system and is not demonstrable electrocardiographically. 
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Joun J. Ketry, Jr. (Cardiovascular Pulmonary Center, Mercy Hospital, San 
Diego, Calif.) : It is now 10 years since a young physician working as a Research 
Fellow in Dock’s laboratory was discovered to have an abnormal ballistocardi- 
ogram after smoking a cigarette, but a normal record at other times. Other 
examples of this behavior were encountered. Investigation clearly revealed 
the relationship of this phenomenon to smoking.! These observations were 
presented and little thought was given to this phenomenon until our peace of 
mind was shaken by Henderson? working in Starr’s laboratory, and by Davis 


Maximum 
Normal 


Grade |! 


Grade 2 


Grade 3 


Grade 4 


Ficure 1. Maximum normal respiratory variation in the ballistocardiogram, A. The 
smaller complexes denote expiration, and inspiration is marked by the black bars. B indicates 
Grade 1 abnormal variation; C indicates Grade 2 abnormal variation; D is Grade 3; and E is 
Grade 4. D also shows fused H-J and notched J waves during expiration. Reproduced by 
permission from Dock eé¢ al., Ballistocardiography8 


and his associates.’ These investigators pointed out the rarity of the conver- 
sion of a normal ballistocardiogram to an abnormal one by tobacco in the 
young and the high frequency of this alteration in subjects with coronary artery 
disease. This phenomenon clearly results from the nicotine of the cigarette. 
As Davis indicated earlier, nicotine can produce all of the ballistocardiographic 
changes seen with smoking a cigarette. The cigarette habit is not necessary 
for the development of the abnormal pattern, nor is the inhalation of tobacco 
smoke. We have observed positive ballistocardiographic smoking tests in non- 
smokers with coronary artery disease. We have also observed snuff altering 
the ballistocardiogram in a similar manner in other individuals. 

We obtained our traces with a Dock ballistocardiograph. The Brown clas- 
sification was used to grade these ballistocardiographic records. This system 
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is illustrated in FIGURE 1. We have considered the alteration of a normal 
record to a grade 3 or 4as a Positive test. 

It has been known for some time that both the administration of nicotine 
and smoking will usually result in an increase in the heart rate and the blood 


When Investigating the ballistocardiographic smoking test, it would seem wise 
to determine whether positive tests are seen in subjects who react excessively 
to nicotine in terms of pulse rate and blood pressure. Experience from our 
laboratory and others has shown that the response in heart rate and blood 
Pressure is the same in subjects with normal and abnormal smoking tests. This 


Contro| Young healthy male: Cigarette test 


ae yim nll 


Saas 


28 
Mean-80 50- 
MM nA NAMA os ; a P AAcinAadA 
HR=80 HR-100 
Ficure 2. 


point is illustrared in the following figures. Ficurr 2 is a record obtained on 
a healthy 17-year-old male. The pulse curve was obtained by means of an 
indwelling needle in the brachial artery leading to a Statham strain gauge. 
Under control conditions the subject’s heart rate measured 80/min. and blood 
pressure “was 110/64 with a mean pressure of 87. After smoking a standard 
brand cigarette the pulse rate had increased to 100/min. and the blood pressure 
to 115/86 with a mean pressure of 98 mm. Hg. The systolic complexes of the 
ballistocardiogram in both situations are normal. There is a slight Increase 
in the variation of size of these complexes with respiration after smoking. This 
is a normal response. , 

FiIcGuRE 3 illustrates the ballistocardiogram, the brachial artery pressure 
pulse, and the electrocardiogram obtained under control conditions of a 40- 
year-old man with classical angina pectoris. The control ballistocardiogram 


and electrocardiogram are normal. 
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Ficure 4 is a record on this subject taken 40 sec. after he had begun to smoke, 
when 3 puffs of a standard brand cigarette had been inhaled. There has oc- 
curred no significant change in heart rate or blood pressure, yet ballistocardio- 
graphic abnormalities are already present. No change can be seen in the elec- 
trocardiogram. This illustrates the rapidity of the action of smoking and the 
very great sensitivity of the ballistocardiogram to the effects of tobacco. At 
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the completion of the cigarette another record was obtained, which is presented 
in FIGURE 5. This ballistocardiogram is grossly abnormal; the systolic com- 
plexes are distorted and can be rarely identified. A modest increase in blood 
pressure and pulse rate has occurred, but much less than in the eae boy. 
Nitroglycerin will often prevent the deterioration of the Se mea a? 
by smoking. In the instance presented in FIGURE 6, eee oe: ¢ _ ®) 
convert this subject’s abnormal record to normal, The reason, ial t é ai i 
in this instance is probably related to the persistence of the ei pulse He 
_ and the increased peripheral resistance. When nitroglycerine reduces periph- 
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eral resistance by vasodilation, improvement of the ballistocardiogram occurs. 
This improvement of the ballistocardiographic record with vasodilation is 
probably due to a decrease in the work of the heart. 

Will an increase in peripheral vascular resistance convert a normal ballisto- 
cardiogram to an abnormal one in healthy subjects and in subjects with posi- 
tive smoking tests? 

An attempt to answer this question was made with the following experi- 
ments. 

The blood pressure response to smoking in 10 healthy young subjects and 10 
patients with abnormal smoking tests was measured. After blood pressures 
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of both of these groups had returned to control values norepinephrine was ad- 
ministered intravenously until the blood pressures equaled or slightly exceeded 
those seen with smoking. In no case was there found the familiar ballisto- 
cardiographic alteration seen with smoking. It would seem from these ob- 
servations that an increase in peripheral vasoconstriction alone does not ac- 
count for the alteration of the ballistocardiogram. Infusion of norepinephrine 
does not mimic the physiological effects of nicotine in all respects. Both will 
raise the blood pressure by increasing the peripheral resistance, but nicotine 
increases the heart rate while norepinephrine usually slows it. 

The effect of smoking on the ballistocardiogram has been explained as sec- 
ondary to the increase in peripheral vascular resistance. These investigators 
reported that positive smoking tests can be prevented by whiskey. Our ex- 
perience is meager, but we failed to prevent the development of a positive 
cigarette test in 4 subjects with coronary artery disease who had been given 
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2 ounces of whiskey. The whiskey produced excellent vasodilation of the skin 
vessels in these patients. I believe that Davis and his associates have reported 
similar experience in this respect. 

The evidence presented by others in this monograph provides a convincing 
argument that nicotine causes a release of catecholamine both in the heart and 
in the peripheral vessels.. The released catecholamine operating at these sites 
quickens the rate of the heart beat, increases the force of contraction of the 
myocardium, and causes vasoconstriction in the peripheral vessels. The work 
of the heart is therefore increased by smoking. Smoking then offers a con- 
venient stress test of the heart. My speculation is that under these conditions 
anoxic portions of the myocardium contract ineffectively. This is manifested 
by the ballistocardiogram, which is a cardiac force record and thus extremely 
Sensitive to variations in velocity of ejection of blood from the heart. 

I wish to recall the data Davis presents elsewhere in these pages. You might 
remember a figure in which the frequency of positive smoking tests was related 
to age in normal subjects. This showed that positive cigarette tests were rare 
in normal subjects under 40, and increased in frequency with age thereafter. 
This experience has been confirmed by many others since then. Strober has 
studied the greatest number of subjects.® He examined over 2700 United 
States Air Force personnel. He too found an increasing incidence of positive 
smoking tests with age in an apparently healthy population. Strober further 
noted a relation of positive tests to obesity. Of 120 obese soldiers 45 per cent 
exhibited a positive smoking test, whereas only 3 per cent of the nonobese 
group of the same age had reacted with a positive smoking test. 

There are several good reasons why the control ballistocardiogram should 
vary with age. We know that cardiac forces are less well transmitted through 
the body as the body tissues age. With aging, bowing of the aorta from dila- 
tion occurs that results in a change in the vector of cardiac forces ; hence less 
force is recorded in the conventional head-foot plane. 

These factors do not, in my opinion, explain the increasing frequency of 
positive smoking tests with age. A more likely explanation resides in the rela- 
tionship of coronary artery disease to age. This relationship is well illustrated 
in FIGURE 7, which was obtained from an exhaustive study of Lober.6 Lober 
graded the severity of atherosclerosis in carefully studied coronary arteries of 
a large number of patients who died from disease other than coronary sclerosis. 
It is apparent from consideration of these data that atherosclerosis begins in 
infancy and progresses throughout life in this Minnesota population. The 

disease does not reach a degree of severity sufficient to cause symptoms in most 
cases until the 40s or 50s. There is a remarkable similarity between this rela- 
tion of age and severity of atherosclerosis to other studies relating the incidence 
of positive cigarette tests to age. 

The cigarette ballistocardiographic test has been extremely useful to me as 
a clinician. I have been greatly impressed by the demonstration of its superi- 
ority in the diagnosis of atherosclerosis, compared with the electrocardiographic 
exercise tolerance test in subjects under 50 years of age.’ The experience of 
‘my associates and myself confirms this careful study by Davis and his group. 
The ballistocardiogram is more sensitive to myocardial ischemia than is the 
electrocardiogram. This has been demonstrated by recording simultaneously 
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both the ballistocardiogram and the electrocardiogram in subjects breathing 
various low-oxygen mixtures. Invariably the ballistocardiogram shows alter- 
ation sooner than does the electrocardiogram.’ 
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Ficure 7. Severity of atherosclerosis in males and females as related to age. Reproduced 
by permission from A. M. A. Archives of Pathology. 


I have found both the ballistocardiogram and the cigarette test very helpful 
in following patients recovering from myocardial infarction. It is particularly 
valuable as a measure of therapeutic response. In patients who have shown 
good recovery there has been a parallel improvement of the ballistocardiogram, 
although the electrocardiographic scar might remain. The technique of bal- 
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listocardiography is simple and the cost modest. It therefore deserves more 
attention than it is currently receiving from the physician. Ballistocardiog- 
raphy provides an assessment of cardiovascular behavior that is lacking in the 
more elaborate cardiovascular function tests, 
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Davip Simon (Cincinnati General H. ospital, Cincinnati, Ohio): As you may 
remember, I presented data on patients who chewed tobacco and compared 
their ballistocardiograms with those who smoke pipes and cigars. We found 
a very high incidence of ballistocardiographic changes in a similar age group of 
men with chewing tobacco, but not quite as high with pipes and cigars. 

We assume the patients were normal if no changes in pattern resulted. I 
ask of anyone acquainted with this concept: What is involved in a normal 
ballistocardiogram improvement? 

Davis: I think it is fair to say that if a normal ballistocardiogram can im- 
prove, some do improve after smoking, both in the normal patients and in 
some with coronary disease. However, by improvement all we can say is that 
the amplitude increases. I do not think I have ever seen an abnormal form 
become normal, but in some normal patterns we may have a higher amplitude. 


Louis N. Katz (Michael Reese Hospital, Chicago, Ill.): May I ask Davis if 
he ever had a cigarette made that contains no tobacco, and what effect it has 
on the ballistocardiogram. 

Davis: I understand one is being tried in the Midwest at the moment. It 
is not legal in Maryland; accordingly I have not been able to get this cigarette. 


Apo N. Corgascio (University of California Medical Center, San F rancisco, 
Calif.) : Tam interested in Davis’ statement about the improvement occasionally 
seen with nicotine, an improvement that is restricted to one parameter of the 
ballistocardiogram, the amplitude. This would tie in with what we have seen 


in animal experiments. 


; CAROLINE BEDELL Tuomas (The Johns Hopkins U niversity, Baltimore, 
M d.): May I ask Davis what experience he has had in 3-dimensional ballisto- 
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cardiographic smoking tests. Do all dimensions become deformed at once? 
Or do some improve whereas others do not? 

Davis: I am sorry to hear that question because we really have not studied 
the 3-D bed after smoking. We have done a number of studies on the 2-D 
bed with head, foot, and lateral studies in the ultralow-frequency as well as 
on the high-frequency 2-D bed. I am disappointed to say that for reasons 
not clear the newer ultralow-frequency methods do not show the changes that 
we see in the Starr high-frequency bed. Hence I really cannot comment on 
what the lateral or antero-posterior changes are, since we really do not see 
very much in the head-foot plane in the ultralow-frequency tracings. 

I think it may be that we are working with an artifact due to the body fre- 
quency in the Starr high-frequency bed, which is brought out by smoking and 
not brought out in a pure bed; consequently, this test is best performed on the 
older bed rather than the new ones. 


Morton L. Levin (Roswell Park Memorial Institute, Buffalo, N. Y.): Ina 
healthy population is there any difference in the incidence of abnormal BCG 
responses related to the smoking habits of these people? Or is this merely a 
predictor of the state of the coronary vessels? 

KeEtty: There is no difference; that is, previous use of tobacco is not neces- 
sary for this phenomenon to appear. 

Wa ter Repiscu (Goldwater Memorial Hospital, New York, N. Y.): When 
you say that these people, documented with coronary sclerosis, have improved, 
I take it to mean that on their tests they show less changes in the ballistocardi- 
ogram after smoking. Is that right? 

KELLY: They show both clinical improvement in their effort tolerance and 
in their ballistocardiographic record. 

RepiscH: Has their myocardium become less sensitive to the release of 
catecholamines? 

Ketty: I think that more probably it represents the growth of new muscle 
and the development of collateral circulation, rather than any change in the 
release of the catecholamines. 

Davis: May I say a few words in reply to Redisch’s question. We have 
been most impressed with certain therapeutic groups in which striking changes 
have occurred over a period of years under therapy, in the smoking test as well 
as in the resting BCG, and I think the possibility of increasing collateral circu- 
lation exists. I also think something happens to the viscosity of blood under 
some of these circumstances. For instance, the changes in resting pattern 
and also in the postsmoking pattern occur too fast under some circumstances. 

I think that when we alter viscosity we may alter the response to smoking. 
Thus it may not all be changes in the total coronary bed, but it may be some- 
thing more closely related to acute dynamic differences. 

STARR: I shall comment on that because I think we are all being forced to 
look at coronary heart disease in a much more physiological way than was the 
case in the past. What has happened, I think, is this. The cardiologists 
attend the autopsy when the patient dies of heart disease and discover, natu- 
rally, that the coronary arteries show structural changes in a very, very high 
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percentage of cases of angina pectoris; and that is what is in the books at the 
present time. 

However, when a 65-year-old man dies in an automobile accident, a cardi- 
ologist is not likely to attend that autopsy. If he did he would discover a 
great deal of coronary sclerosis very similar to that of patients diagnosed as 
having coronary disease. Thus there is a tremendous amount of overlapping 
of the anatomical findings. I think we are going to have to make our distinc- 
tions on a physiological basis as well as on an anatomical one. 


Ricuarp J. Binc (Wayne State University, Detroit, Mich.) :1 shall make two 
comments. In the first place, we have in this monograph a series of papers 
on the changes in coronary blood flow, and I think that, perhaps with one ex- 
ception, no one has found any decrease in coronary blood flow from nicotine 
or smoking. Here we find marked changes in the ballistocardiogram and it is 
extremely difficult, as Davis pointed out, to relate these physiologic changes 
to the ballistocardiogram changes. Changes in viscosity may play a part but 
we do not know. 

With reference to catecholamines in the heart muscle, we have found no 
diminution in the heart in vivo following nicotine. 

STARR: One must remember that ballistocardiographic records are records 
derived from cardiac force, and that very few doctors have begun to think of 
the heart in the terms of its forces. 

There is every reason to think that the cardiac forces are important. For 
example, what happens when your automobile begins to feel badly? Suppose 
one cylinder is not firing. The weakened car certainly gets you home all right. 
It still can go 50 mph on the parkway, but it will not accelerate when the light 
turns from red to green. In other words, it is the lack of acceleration, and 
therefore in the weakened forces, that the first evidence of abnormality is likely 
to be manifested. I believe, of course, that this is going to prove to be true 
of the heart also. 

Question: All three discussants seem to limit themselves to the ballisto- 
cardiogram in the discussion of the effects of smoking. I was wondering if 
anyone on the panel felt there was any marked incidence of standard electro- 
cardiogram changes with smoking, and in what way this might be important. 

Ejrup: After smoking there are changes in the standard leads and in the 
chest leads, but they are related to the rate. 

Davis: Occasional patients show striking ECG changes during the smoking 
test. In our experience between 1 and 2 per cent of subjects have shown 
changes that we felt were significant. On three occasions very striking ST 
segment changes occurred in the ECG during a smoking test. This is obviously 
extremely rare despite the fact that many of these patients have quite severe 
angina, but there have been several in the first thousand patients we examined. 

Ejrup: In cases of severe angina pectoris, it has been found that there are 
changes in the electrocardiograms that correlate well with a coronary insufhi- 
ciency. In normal persons we have not seen this, and even in coronary disease 


it is rare. 
Starr: I think that perhaps Bing’s question ought to be commented on now, 
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since we have gone a little deeper into the subject. You remember that he 
raised the question of why the ballistocardiogram so often becomes abnormal 
after smoking while so many other measurements of cardiac function showed 
nothing. I think there are two points to be remembered here. In the first 
place, there is a very marked age difference that is one of the striking features 
of the field. We do not see these adverse ballistogram changes after smoking 
in young people. It is only in the older groups that we see them. Perhaps 
there is an explanation here that will explain the discrepancy between our 
findings and some of Bing’s. 


CHARLES J. KENSLER (Boston University, Boston, Mass.): I must ask Davis 
what were the small doses of nicotine that he used. I seem to remember 0.5 
mg. to1 mg. Is that correct? 

Davis: That is correct. The sublingual tests were all 0.5 mg.; the intra- 
venous doses ranged between 0.5 and 1 mg., the 0.5 mg. being administered 
over a one-min. period and the 1 mg. over a 5-min. period. 

KENSLER: You got the same results when the material was administered 
sublingually as by intravenous injection? 

Davis: I cannot say that they are the same but, by and large, I think the 
changes we get on sublingual or intravenous administration are generally com- 
parable with what we get with smoking, even with this dose of nicotine. 

KENSLER: The point I was interested in making here is that intravenous in- 
jection of 1 mg. is a large dose compared to smoking, because one is putting one 
half the yield of a whole cigarette into a person within 5 min. intravenously 
and building up, I suspect, a considerably higher concentration than occurs in 
smoking. 

In the intravenous situations do you normally control or did you control 
this test by the injection of saline or some inert material to rule out ancillary 
effects? Second, can these effects be duplicated by epinephrine? I know 
Kelly said levoarterenol did not do it. 

Davis: We have not as yet administered enough intravenous nicotine to 
have done a control series. We did conduct a control series of the sublingual 
tests using the same carrier without nicotine. The obvious necessity for doing 
controls with the intravenous tests still exists. We are just at the moment 
doing intravenous nicotine studies. We have not tried epinephrine. We have 
done a few norepinephrine studies and agree fully with Kelly’s observations. 

STARR: May I say that there is a bit of a hazard in such investigations that 
any doctor would find it necessary to keep in mind. In the smoking tests 
that we have done, we have caused angina occasionally. I think Davis has 
had that experience also. When one sees the ballistograph go to pieces after 
smoking a cigarette, one wonders whether it is safe to give nicotine to older 
patients. If the patient is smoking when trouble develops, the excess action 


stops quickly when he stops, but if an overdose is given by intravenous injection 
little can be done to hasten the end of the action. 


Part VI. Other Aspects of the Pharmacology of Nicotine and Smoking 


THE EFFECT ON RATS OF CHRONIC EXPOSURE 
TO CIGARETTE SMOKE* 


H. B. Haag, P. S. Larson, J. H. Weatherby 
Department of Pharmacology, Medical College of Virginia, Richmond, Va. 


Prior to the time that the present studies on rats were undertaken, only a 
few observations had been reported on the effect on any animal species of 
chronic (longer than 6 months) exposure to cigarette smoke. These earlier 
studies dealt almost entirely with the effect on mice: for example, Mertens (1930, 
1941) and Campbell (1936). Even at present, the only other extensive studies 
on rats, comparable to the ones to be reported are those by Passey and his 
colleagues (1956, 1957, 1958). These will be discussed below in relation to the 
results obtained in our experiments, in which rats were exposed 14 times a day 
to cigarette smoke for periods that, for some, embraced almost their entire life 
span. 


EXPERIMENTAL 


Smoking Machine and Exposure Chamber 


FicureE 1 represents a sectional view of the apparatus used for generating 
the cigarette smoke and the chamber in which the rats were exposed to the 
smoke. It was designed to simulate human smoking as closely as was prac- 
ticable. 

A synchronous clock motor, not shown, was equipped with contacts that 
actuated the puffing cycle at 1-min. intervals. Once started, control of the 
puffing cycle was transferred to a set of contacts on the cam shaft (A). When 
the cycle was completed, the contacts reset themselves, permitting the clock 
motor to start another cycle 1 min. later. 

The actuating cam shaft (A) was driven through a set of reduction gears by 
a one-eighth horsepower induction motor and, once actuated, turned at a 
constant speed. Starting from the bottom position shown, with the slide 
valve (F) closed, the cam moved the diaphragm (D) through its connecting 
rod (C) and lever (B), raising the diaphragm (D) and thereby drawing air 
through the cigarettes (E). 

A lighting device, consisting of a curved pipe carrying 12 small gas pilot 
flames, was swung into position manually for lighting the first puff of each of 
the 12 cigarettes used for every exposure. 

At the top of the stroke, the slide valve (F) opened so that, on the downward 
stroke, the diaphragm (D) puffed smoke through the smoke pipe (G) and into 
the exposure chamber (K) through ‘the-smoke distributor (I). Five seconds 
later the centrifugal blower (H) started and effectively scavenged all smoke 
from the smoke pipe, blowing it through the distribution cylinder (I) that 

* A preliminary report on certain aspects of this study was presented before the 36th annual 
meeting of the American Society for Pharmacology and Experimenta! Therapeutics, at 
Atlantic City, N. J., March 11-15, 1946.1 
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extended vertically through the tier of two cages (J). These cages were 
circular, each containing eight individual compartments arranged around a 
hollow center that accommodated the smoke distribution cylinder. The cages 
a beneath a transparent hood (K) that rested upon a perforated base plate 

A small gap was left at the junction of the smoke pipe and blower intake that, 
by continued operation of the blower, permitted complete displacement of all 
smoke in the animal cage 40 seconds after the beginning of the puff. Since 
the puffing cycle was 2 seconds, and a 5-sec. interval occurred before the blower 
started, animals in the cage were exposed to smoke for approximately 33 seconds 
of each minute. 

_ The volume of puffing was regulated by the size and shape of the actuating 
cam. Asa check on design of the cam, the machine was connected to a spirom- 
eter and the volume of puffing checked by chart records. This was found to 
be 420 ml. per stroke, or the equivalent of 35 ml. per cigarette for each puff. 

The volume of the exposure chamber and smoke pipe was 231. The dilution 
of each puff of smoke was of the order of 1:50; when the cages were occupied 
by rats this dilution would be about 1:40. 

The cigarettes used were blends with an average weight of 1.09 gm. They 
contained 2.17 per cent nicotine and yielded, on an average, 10 puffs when 
smoked for two thirds of their length. The smoke from these 10 puffs con- 
tained, on an average, 3.3 mg. nicotine per cigarette. Nicotine analysis of the 
cigarette tobacco and the cigarette smoke was done according to the procedures 
used by Bradford e¢ al. (1937). 


Rats 


Experiment 1, One lot of white rats, all about 38 days of age, was divided 
into 3 groups, each consisting of 12 females and four males. These groups 
contained equal numbers of litter-mates. 

One group (“smoked’’) was exposed to approximately 10 puffs of cigarette 
smoke in the exposure chamber every half-hour 14 times daily for almost their 
entire life span. Another group (“smoke controls”) was placed in a second 
apparatus but was exposed to puffs of air instead of smoke for the first 400 days 
of the experiment. From then to the end of the experiment, because this 
chamber was put to use for smoke exposure purposes, this group was kept during 
the smoking periods on a table near the rats being smoked and was thus exposed 
the the same general laboratory conditions. The third group (“cage controls”) 
was kept continuously in the animal room. : 

All rats were deprived of food and water during the time the smoked animals 
were being exposed to smoke, except during the first eight months of the experi- 
ment when the cage controls had constant access to food and water. From 
11:40 a.m. to 12:40 p.m. each day the smoked rats and the smoke controls 
were brought back to the animal room, and during this time all rats were allowed 
food (Purina Dog Chow) and water freely. At night all the rats were housed 
in the same animal room with food and water supplied ad libitum and, in addi- 


‘tion, were offered slices of carrot. 


The only time the regular schedule was interrupted was when blood pressure 
determinations were being made, when the smoking machine was being repaired 
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or cleaned, and during mating, gestation, and lactation, when the females in 
all groups were kept continuously in the animal room. After mating was 
completed the routine was promptly reestablished for the males. 

Food and water consumption was recorded daily. The rats were weighed 
once a week. 

Experiment 2. This experiment, which was continued for two years, was 
undertaken to provide a larger number of observations on male rats. Thirty 
male rats of weaning age were divided into three equal groups and treated 
similarly to the rats in Experiment 1. There was no difference in the feeding 
period of the cage controls compared with the other two groups, as was the 
case in the early months of Experiment 1. The smoke controls in this experi- 
ment, unlike those in Experiment 1, were not at any time exposed to puffs of 
air. 

In determining the effects of exposure to the cigarette smoke on the rats in 
both experiments, comparisons were made in terms of differences in weight, 
blood pressure, longevity, reproduction, and necropsy findings, between the 
exposed rats and those constituting the two control groups. 


RESULTS 


Effect of Smoke on Weight 


Experiment 1. Ficure 2 illustrates the weight changes, as averaged monthly, 
noted in the three groups of rats in Experiment 1. The female animals exposed 
to cigarette smoke achieved and maintained, initially, a slightly lower weight 
than those of either of the two control groups. The differences between the 
smoked rats and the cage controls were consistently statistically significant (P 
values of from <0.05 to >0.01) for about the first six months of the experiment. 
Thereafter there appeared to be no significant differences between these groups. 
Only in the very early stages of the experiment was there a significant difference 
between the smoked animals and the smoke controls or between the smoke 
controls and cage controls. 

Gross inspection of the growth curves of the male animals in this experiment 
gives the impression that there was no difference between the smoked and the 
smoke control groups and that both of these groups achieved a smaller average 
weight than those of the cage controls. Because of the relatively few males in 
this experiment, statistical analysis for significance of difference was not made 
although this was done for the data of Experiment 2, which consisted entirely 
of males. 

From the food consumption data it appears that the smaller weight of the 
smoked rats may have been associated with decreased food intake. However, 
because of uncontrollable food spillage, the reliability of the food consumption 
data is questionable. There seemed to be no difference in water consumption 
among any of the groups. 

Experiment 2. The results obtained relating to weight changes in Experi- 
ment 2 (all males) are shown in FicuRE 3. In this experiment many of the 
same general relationships determined for Experiment 1 were found to exist. 
Throughout the experimental period there was a consistent and statistically 
significant difference between the smoked animals and the cage controls, 
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whereas generally there was no such difference between the smoked rats and 
the smoke controls, and the smoke controls and the cage controls. 

The apparent, although not statistically substantiated, difference between 
the weights of the smoke control group and the cage control animals may 
represent the influence of exposure to the general laboratory environment 
alone on growth, and Suggests that the weight of the smoked rats reflects the 


composite effects of the general handling plus exposure to cigarette smoke. 
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AGE IN DAYS 


Ficure 2. The effect of exposure to cigarette smoke on the growth of rats in Experi- 
ment 1. 


In an attempt to determine the reversibility of effects of smoke exposure on 
weight, the smoked group and the smoke control group were interchanged 
when these rats were 478 days old. Thus the smoke controls were exposed to 
smoke, while the smoked rats became the smoke controls. | As a result of this 
change the weight of the previous smoke control rats declined significantly to 
a level comparable to that of the original smoked group, while the eae 
smoked rats gained significantly in weight to reach the original level ) t : 
former smoke control animals. However, changing the new smoke eer 
finally into cage controls did not seem to lead to an enhancement 0 ae 
growth to equal that of the original cage controls. Again, converting the 
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original cage controls to smoke controls produced only a very slight diminution 
in their weight. Finally, when the new smoked group was changed into cage 
controls their weight showed a quick upturn towards their initial level. 


Effect of Cigarette Smoke on Blood Pressure 


Blood pressure was measured by the method of Williams et al. (1939). 

During the first two years of Experiment 1 blood pressure determinations 
were made at monthly intervals on the three groups of rats, about 12 hours 
after the last smoke exposure. Ficure 4 illustrates the average values ob- 
tained. It is apparent that exposure to cigarette smoke did not produce 
chronic hypertension. As a matter of fact, gross inspection of the three blood 
pressure curves may give the impression that the smoked rats on aging (24 
nionths and beyond) had a lower pressure than either the smoke controls or 
the cage controls. However, statistical analysis showed no significant differ- 
ence to exist. 

When blood pressure was determined immediately prior to and after exposure 
to cigarette smoke, a slight though statistically significant (P = 0.01) increase 
(from 103.6 mm. Hg before exposure to 108.5 after) was noted in a group of 
nine smoked animals 611 days old. This effect persisted, on an average, for 
45 minutes. Duplication of this experiment three weeks later gave similar 
values. 


Effect of Cigarette Smoke on Longevity 


In Experiment 1 all of the cage control rats had died within 31 months, the 
smoke control ones within 33 months, and the smoked animals within 35 
months. The average life span of the smoked rats was 727 ++ 251 days, of 
the smoke controls 617 + 271, and of the cage controls 714 + 141 days. The 
differences between these figures are not statistically significant. The longest- 
lived animal was a female in the smoked group that lived to be 1076 days old. 

In Experiment 2 three fatalities had occurred in the smoked group, and five 
each in the smoke control and cage control groups when the experiment was 
terminated at the end of 2 years. There was no statistically significant dif- 
ference between the average ages of these rats at death. 


The Effect of Cigarette Smoke on Reproduction 


When the rats in Experiment 1 were 120 days old, 10 females in each group 
were served by 3 males of the same group, for a period of 14 days. A similar 
experiment was done when the rats were 240 days old. Because of technical 
difficulties in arranging what might be considered adequate control conditions, 
none of the females were subjected to cigarette smoke during mating, gestation, 
and lactation; all rats were kept under identical conditions in the animal room 
during this period. After the mating interval of two weeks the males were 
again treated as described above. ' 
The results of observations made of the incidence of pregnancy, litter size, 
mortality, still births, cannibalism, and maternal neglect are summarized in 
TABLE 1. There were no apparent differences between the results noted in the 


smoked group and the two control groups. 
All surviving offspring were sacrificed at 90 days and observations made of 
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body length, body and representative organ weights, and red and white cell 
counts. These observations are summarized in TABLE 2. Again no differences 


between the offspring of the exposed group and the control groups were ap- 
parent. ; 


TABLE 1 


THE EFrect or Exposure To CiGaRETTE SMOKE ON NUMBER OF Litters, Lirrer Size, 
AND Mortatity or Rats In EXPERIMENT 1 


First mating (120 days) Second mating (270 days) 
Smok, (@ kk 
Smoked controls Sutols Smoked oe eee 
No. females served 10 10 10 10 9 10 
No. litters 7 7 8 6 8 8 
Ay. litter size 9.4 Hat 9.4 U2 9 9.3 
Per cent mortality 56.1 61.1 3.6 11.6 36.1 18.9 
Per cent deaths due to still birth eS 1.9 Dek if 4.2 17.6* 
Per cent deaths due to canni- 
balism 4.6 13 9.3 4.6 8.3 ies, 
Per cent deaths due to neglect 50 46.2 24 0 23.6 0 
* One entire litter stillborn. 
TABLE 2 


Bopy Lencrus, Bopy AND ORGAN WEIGHTS, AND RED AND WHITE CELL Counts or 90-Day 
OFFSPRING OF SMOKED AND CoNnTROL RATS IN EXPERIMENT 1 


First-born Second-born 
Average values Sex 
smoked | Smoke | Case | smokea | Smoke | | Cage, 
oy Re ate aie wel icombanane 
NE Sa ad Gis iba. Jernanal ype ce er 
a Ae, oe Wee ox Vee ol viccwe wits |e cy co 
a eS mR eee eee ot apical are 
— Mes Gales 6 cee Ie aeneenacy nic 
Nee Reena esac nas \ecosoat me sod Ode 
> ae [| ee inert ean ME eto OR 
ae RM fiero hice | Zonet ea na 
eee 00 Melee cc at laraloeel 14 
ICTS i re Sd BI lo 


In addition, histopathological studies were made on 11 males and 12 females 
from the first litters and 19 males and 18 females from the second litters. In 
the case of the first litters these embraced two sibling pairs from each of two 
litters in all three groups, excepting the smoke control group, in which a total 
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of three males was taken from two litters. In the case of the second litters 
these embraced sibling pairs from each litter excepting the smoked group, 
from which 11 animals were selected from 6 litters. No pathologic features 
characteristic of any of the groups were revealed. 


TABLE 3 
ABNORMAL AUTOPSY FINDINGS IN RATS OF EXPERIMENTS 1 AND 2 


Smoked rats Smoke control rats Cage control rats 
ee Exp. 1 exp, 2 Exp. 1|Exp. 2 Exp. 1|Exp. 2 
(181 | (i0/i0) Totals | 127/46)|(10/10)| T!S | (44/16) |(9/10) pee 
Lungs 
(a) Pneumonia — 2 2 — 1 1 2 1 cs 
(b) Bronchiectasis 12 6 18 | 10 | 7 17 | 11 4 Sfeniie 
(c) Tumors, malignant — |§— | — i) -— 1 — | 3f 3 
Heart 
(a) Interstitial myocarditis 1 1 2 1 — 1 — 1 1 
(b) Suppurative pericarditis —}—|]—-}-}]—-f]- 1 — 1 
(c) Chronic pericarditis _ 1 1 — }— fede] el 
Liver 
(a) Acute focal hepatitis 2. ee 4 |—] 1 2 | — dee 
(b) Focal necrosis 1 2 3 —/—]—F}— J] —] — 
(c) Granuloma —;/—}]— 2 —- 2 —_ | — | 
Kidney 
(a) Interstitial nephritis — 1 1 2 3 5 — 1 1 
(b) Glomerulonephritis — 3 3 —}|—;]—f— 2 > 
(c) Hydronephrosis 1 — 1 ete St oe 
Tumors 
I. Benign 
(a) Fibroadenoma of breast 3 —_— 3 2 — v) 1 — 1 
(b) Fibroadenoma of pelvis 1 uf fot ee lee 
(c) Adrenal adenoma eS ee ee See ce 1 = 1 
II. Malignant 
(a) Lymphosarcoma 
(1) Tleocecal 3 il 4 2 — 2 1 1 2 
(2) Pulmonary 2) ee | ee ee 3 3 
(3) Mediastinal (thymus) 1 -- 1 =| ar mew th cates || Ween ae 
(b) Fibrosarcoma of breast 1 — a 1 — 1 —-|j-—-|]— 
(c) Carcinoma 
(1) Liver 1 a 1 ase ced | ey ee 
(2) Sigmoid colon es er ee eee | es 1 oe 1 
Lung | he 1 = 1 Se ee 
(4) Uterus 1 — 1 ei nee sae lt WN I ee eS 
(S) Face — fie Pmt 1 ps pa a Sie 


* Number of rats autopsied over number of rats in experiment. 
+ Rat No. 26 showed both bronchiectasis and carcinoma of lung. 
t Rat No. 72 showed-both bronchiectasis and lymphosarcoma of lung. 


Effect of Cigarette Smoke on Pathological Anatomical Changes 


Histopathological examination was made on 70 of the 78 animals in Experi- 
ments 1 and 2; 25 from the smoked groups (15 from Experiment 1, 10 from 
Experiment 2), 22 from the smoke control groups (12 from Experiment 1 and 
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10 from Experiment 2), and 23 from the cage control groups (14 from Experi- 
ment 1 and 9 from Experiment 2). Lesions encountered and their frequency 
are summarized in TABLE 3 and lead to the conclusion that there were no 
lesions peculiar to the rats exposed to smoke. 


DISCUSSION 


Our observation that the rats exposed to cigarette smoke achieved and 
maintained a lower weight than did the control animals is in keeping with the 
observations of Passey (1957, 1958). Whereas this might be related to a 
diminished food intake that our food consumption figures, as well as those of 
Passey, indicated had occurred, Passey felt that in the smoked rat there might 
also be a change in the manner of food utilization. 

Passey (1958) reported that his failure during a five-year period of experi- 
mentation to induce lung tumors in rats by exposure to strong concentrations 
of cigarette smoke is a strikingly negative result. The only lung cancer he 
found was a solitary tumor in a control rat, and this was associated with marked 
bronchiectasis. Similarly, the only malignant pulmonary tumors encountered 
in our experiments also occurred only in control animals. 

It is interesting to note that Passey ef al. (1956) remarked on the presence 
of bronchiectasis in their rats. In our own experiments we found a very high 
and almost equal incidence of bronchiectasis in all of the groups of rats, smoked 
and controls alike, thus making it evident that this condition was related to 
the aging process rather than to the exposure to cigarette smoke. 

It would appear pertinent to make one general observation regarding the 
problem of studying the effects on animals of exposure to cigarette smoke. 
There is a very apparent need for writers in this field to describe in sufficient 
detail the materials and techniques employed in their work to allow reasonable 
comparisons with other animal studies of similar nature, and with the condi- 
tions existing in human smoking. To provide a standard of reference, there 
should be general agreement on methods of generating the cigarette smoke, 
size of exposure chamber, and number and length of daily exposures. 


SUMMARY 


One group of 12 female and 4 male rats was exposed to cigarette smoke 14 
times daily for almost their entire life spans, and another group of 10 males 
was similarly treated for 2 years. In comparison with control groups it was 
found that rats exposed to cigarette smoke achieved and maintained a slightly 
lower weight, and showed no significant differences in blood pressure, longevity, 


reproduction, and observations at autopsy. 
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CHRONIC NICOTINE POISONING 


Clinton H. Thienes 
Institute of Medical Research, Huntington Memorial H ospital, Pasadena, Calif. 


The older literature contains many reports on the deleterious effects of chronic 
nicotine poisoning, describing retardation of growth,'® tolerance develop- 
ment,®” interference with reproduction,?*»* enlargement or injury of the 
adrenals,” 15-0 atrophy of the gonads,?:!”.l changes in other endocrine organs,17»22 
and production of arterial disease.*-2 Because most of the reports were based 
upon poorly controlled experiments or on too small a number of animals, my 
associates and I initiated a systematic reinvestigation of the chronic effects of 
" nicotine, employing littermate or other closely related controls. Test animals 
received subconvulsive doses of nicotine dissolved in 0.9 per cent saline, and 
controls were injected with the same volumes of saline. Experiments extended 
over intervals of three months to a year. Thus was demonstrated a species 
difference with respect to growth,®*** a decrease in fertility of female rats but 
not of male rats,*> but without gross or histological evidence of organ injury, 
and the development of drug tolerance of the chronically poisoned animals. 


Methods 


Merck’s nicotine was used in all experiments, and was water-clear when 
purchased. Toward the end of a year’s experiment the nicotine would be- 
come tinged with yellow. The 1 per cent stock solution of nicotine in 0.9 per 
cent saline was made fresh every second week and the final dilutions were made 
daily. The drug was injected subcutaneously at 8:00 and 4:30 P.M., Monday 
through Friday, and at 9:00 a.m. Saturday morning; with 10-day-old rats and 
mice the dose was 1 to 2 mg./kg. as a 0.1 per cent solution twice daily, and this 
dose was gradually increased over a period of 2 weeks to a month until 5 mg./kg. 
was being given. As the animals grew the concentration was increased so 
that the total volume injected did not exceed 1 ml. Injections were started 
when the animals were about 10 days old, that is, when there was sufficient 
hair to permit marking with picric acid solution for identification. As nearly 
equally as possible, male and female young were divided into test and control 
groups, and neck, tail, or back region was marked with picric acid solution. 

The young animals were left with their mothers until four weeks old. The 
young mice were then placed in cages in groups of about twenty animals, half 
control and half nicotine-injected. The bedding was excelsior. In the case of 
rats a male and a female were placed together in a cage compartment, with a 
control pair on one side of a hardware cloth divider and a nicotine-injected pair 
on the other side. In the first experiment the rats rested on a one-half-inch 
mesh hardware cloth floor, but since even with nesting boxes baby rats would 
occasionally fall through the mesh, subsequent experiments were carried out 
with the rats resting on fir shavings in the pan at the bottom of the cage. In 
the first two experiments, the food was Purina Lab Chow; in. the later experi- 
ments Gaines Chunks was fed. The food was weighed during two of the 


experiments. vo lan 
_ The animals were weighed each day before injection until they weighed ap- 
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proximately 50 gm., after which they were weighed only once per week. The 
dose of nicotine was given according to the weight record, and according to the 
symptoms produced in individual animals. If a convulsion occurred twice 
within a week, the dose would be decreased by one half, and then gradually 
increased to the standard dose. The young were counted and weighed on day 
of birth; males and females were recorded separately. A similar record was 
made on the day of weaning. 

Outdoor temperature prevailed in the first two experiments, but subsequently 
the animal quarters were kept under thermostatic control. 
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Ficure 1. Growth curves of control and nicotine-inj i icoti 
‘ E 1 i X -injected mice. The dose of nicotine 
is shown in the histogram. Reprinted by permission of The American Journal of Hygiene. 


Results 


Growth. The growth rate of mice, indicated by weight change, did not seem 
to be influenced by nicotine. Ficure 1 represents the weight increase of the 
groups of mice. In the case of rats, however, the weight-gain of the nicotine- 
injected males was significantly less than that of the controls, and toward the 
end of the experiment the average difference in weights was about 12 per cent 
The difference between the test and control female rats was not as great and 
at times was not statistically significant, although at all points along the curve 
the average weight of the test females was less than of the controls. FIGURES 
2 and 3 show the average growth rates. 

When tip-of-nose to base-of-tail measurements of the two groups of rats were 


compared, no difference could be found. This confirmed the results of Fields 
who measured the femur lengths.*” 
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Ficure 2. Growth curves of male rats. The vertical lines represent standard deviation. 
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Ficure 3. Growth curves of female rats. The vertical lines represent standard devia- 
tion, 


241 


242 Annals New York Academy of Sciences 


When the abdomens of the rats were opened, the difference in amounts of 
fat was readily noticed. Hence the intra-abdominal fat was removed and 
weighed, and was found to be less than one half as much in the nicotine-in- 
jected rats as in the controls. Since there was no difference in body lengths of 
the two groups of rats, it was concluded that the difference in weights of the 
animals was due to the marked decrease in body fat in the nicotinized rats. 
This was confirmed by Smith et al.,* who measured total body fat. 

Tolerance development. Tolerance to small doses was measured by determin- 
ing the smallest dose that would cause weakness of the hindquarters and cerebral 
excitation, resulting in the animal resting on its gluteal region while its fore- 
legs pivoted the body. A dose was considered effective when the body was 
pivoted through a complete circle three times or more. This is designated 
the pivoting response. Determinations of tolerance were made about once per 
month. A second or a third test was sometimes necessary to determine degree 
of tolerance, in which case no more than two test injections were given in any 
one week, and the usual morning dose was omitted on the day of the test. 

Within two weeks a measurable tolerance to small doses of nicotine had 
developed in rats and this increased to a four- to ninefold tolerance at six 
months, as measured by the pivoting response. There seemed to be no tol- 
erance to convulsive or fatal doses. Tolerance development was greatest when 
injections were begun at an early age; 1-year-old rats developed at best a 30 
per cent tolerance to the small doses, and many developed no tolerance (FIG- 
URE 4). 

A few preliminary experiments indicated the development of tolerance of 
the adrenal medulla to the stimulating effect of nicotine. The animals were 
anesthetized with pentobarbital and an adrenal gland was removed. An in- 
jection of either nicotine or saline alone was then given and one half hour later 
the other adrenal was removed. Biological assay for active catecholamines on 
rabbit intestine showed (1) nearly twice as much potency of the extracts of 
resting glands from the test animals as from controls®® and (2) less loss of 
potency of the adrenal extracts due to the nicotine injection in chronically 
poisoned animals than in control animals. Injection of saline caused no loss 
of catecholamines. This type of tolerance requires further study. 

Reproduction. Three similar experiments were conducted, each approxi- 
mately 1 year long, with 25 to 50 pairs of rats in control and nicotine groups. 
In a fourth experiment only females of one group and only males of a second 
group received nicotine; in the negative control group, both male and female 
received injections of saline. 

Sterility. The number of sterile matings was twice as great among nicotine- 
injected pairs and among pairs in which only the female received nicotine than 
among control pairs or pairs in which only the male received nicotine. A pair 
of rats was considered to be sterile if the female bore no young during the year 
of the experiment. 

Progeny. The number of litters of young born to fertile pairs of rats and 
the number of total young born was about two thirds as great among the 
nicotine-poisoned rats as among the controls. Since some of the matings re- 
sulted in no births, the calculations were based only on the number of young 
born to fertile pairs and, in order to make the comparisons more exact, the 
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factor of “mating days” was used in determining the litter index and the progeny 
index. Mating days was defined as the sum of the number of days that each 
pair of rats in a group received injections, and the litter and progeny indices 
are the number of litters and number of total young for each group divided by 
the mating days of each respective group. From TABLES 1 and 2 it may be 
seen that there were only 75.5 per cent as many litters and 77.9 per cent as many 
young born to nicotine poisoned fertile rats as to the controls when calculated 
on the basis of mating days. Had both fertile and nonfertile rats entered into 
the calculations, the percentages would have been smaller. 

Geller’? failed to confirm our results on rats, but Simpson and Lowe® both 
reported that the birth weights of human infants from smoking mothers were 
definitely lower than from nonsmoking mothers. Simpson interpreted her re- 


TABLE 1 
Errects oF CHRONIC NICOTINISM ON REPRODUCTION IN RaTs 


Sey DALE ihe ett Dae Mating days Litter index 
Controls 
92 pairs total 18.75 
78 pairs fertile 287 21,223 0.0135 
Nicotine-treated 
82 pairs total 32.35 
61 pairs fertile 162 15,832 0.0102 


TABLE 2 
EFFEcts OF CHRONIC NICOTINISM ON REPRODUCTION IN FERTILE RATS 


No, progeny Mating days Progeny index 
stir 
8 pairs 1883 21,223 
Nicotine-treated : pe 
61 pairs 1093 15,831 0.0690 


sults to mean that smoking mothers had twice as many premature babies as 
nonsmoking mothers, but Lowe could find no evidence for this. Simpson 
considered all babies under five pounds as premature. We found no difference 
in birth weights of rats in our two groups of rats. 

Earlier studies on effects of smoking on childbearing are fragmentary. Chias- 
son*® reported no effect (or beneficial effect) among settlers in Nova Scotia 
as opposed to results reported in “A Foreign Letter” from Germany in The 
vi ournal of the American Medical Association,“ which reported a high incidence 
of miscarriages In women working in the tobacco industry. Phillips*® observed 
disappearance of motile sperm from the semen of a male patient during smoking 
and return of motile sperm on stopping smoking. This is contrary to our 
results, which showed that chronic nicotinism decreases fertility of female rats 
but not of male rats. 

Mortality of young. The number of young that lived until weaning was 
determined for one experiment and summarized in TABLE 3. With these figures 
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taken into consideration along with the number of nonfertile pairs, it is ap- 
parent that but little more than half as many four-week-old young were pro- 
duced by the nicotine-poisoned animals as by the controls. The mortality rate 
was the same for males as for females. 

Essenberg" confirmed our results in general. A new type of observation 
reported by Nishimura and Nakai,*® but one that needs confirmation, is that 
anomalies occur among offspring of mice chronically poisoned with nicotine. 

Adrenal size. At the end of a one-year-long experiment, 50 control and 50 
nicotine-treated rats were decapitated and the adrenal glands were quickly 
removed, cleared of surrounding fat and extraneous tissue, weighed on a torsion 
balance, and placed in 4 per cent formaldehyde (10 per cent formalin). Later 
the hardened glands were imbedded in paraffin, sectioned and stained. Every 
fifth section was drawn on paper with the aid of camera lucida, outlining both 
the medulla and cortex, which were measured by planimetry; from these meas- 
urements the total volumes of the medulla and cortex could be calculated. 

The ratio of adrenal weight to body weight and to body area was increased 
10 to 15 per cent by nicotine. However, when total volumes of the adrenals 


TABLE 3 
EFFECT OF CHRONIC NICOTINE POISONING ON Mortatity oF Youne Rats 


Parents* No. born No. weaned Per cent mortality 
N@ Coe 550 213 62 
C2? No 481 288 41 
Ce Ca S27 312 42 


*N = nicotine-injected. C = control (saline-injected). 


from control and nicotine-treated were compared it was seen that there was no 
difference; neither was there any difference in the ratios of cortex to medulla 
in the two groups of glands. Hence the difference of adrenal weight to body- 
weight ratios must have been due to the decrease in body fat in the nicotine- 
injected rats. hy rr 
A recent paper by Eranko e¢ al.” reports that administration of nicotine 
for from 6 to 9 months caused a 110 per cent increase in the size of the adrenal 
medulla of rats, but not of mice or guinea pigs. Since the dose was similar to 
that administered in my experiments, but given only once daily, the difference 
from my results cannot be explained, except perhaps on the basis of the small 
number of animals (5 to 7 per group) used by Eranko and his co-workers, pre- 
venting a true random sample from being obtained. It is interesting that 
these investigators demonstrated a large Increase in norepinephrine but not of 
epinephrine. My associates and I found twice as much potency of adrenal 
extracts from nicotine-poisoned rats as from controls, and designated the active 
material as epinephrine.® At the time of the report in 1941 the presence of 
norepinephrine in adrenal extracts was not suspected. — aan eae 
Pituitary and sex glands. When change in body weight of nicotine-injected 
rats is considered, no change in weights of pituitary or sex glarids could be 
noted. Nor was there obvious change in their microscopic appearance when 


stained with hematoxylin and eosin. 
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Using tobacco smoke, Essenberg* caused damage to ovaries and testes, but 
no visible change in the pituitaries of mice. There was also a decrease in 
number of young born and carried through the nursing period. 

Blood vessels. Coronary arteries and portions of the ascending and renal 
artery regions of the aortas of male control and chronically poisoned rats were 
examined grossly and microscopically with the collaboration of E. M. Butt, 
pathologist. The animals had been injected with nicotine twice daily for a 
year and were slightly more than one year old at time of autopsy. No pa- 
thology attributable to the nicotine injections could be found. Medial de- 
generation was found more frequently in the controls than in the poisoned 
animals. Perhaps if the experiments had been performed in older animals, 
different results would have been obtained, but there is as yet no experimental 
or clinical evidence that nicotine produces arterial pathology. The increased 
mortality from coronary heart disease among smokers*** may be on a different 
basis. 


Summary 


(1) Subconvulsive doses of nicotine, given twice daily for from 8 to 12 months 
to rats, results in decreased weight gain, due to decreased fat deposits. Pro- 
portionate doses given to white mice for 2 months had no effect on growth. 

(2) Similar doses were associated with a decreased number of fertile matings, 
a decrease in number of litters and total young born, and an increase in mortality 
of the young during the nursing period. 

(3) There was marked development of tolerance to small doses, causing hind- 
leg weakness when injections were given to young animals, but little or no 
tolerance to convulsive or fatal doses. When nicotine administration was 
begun after the adult size had been attained, only slight tolerance developed. 
There was also evidence of tolerance of the adrenal gland to nicotine, and the 
adrenal glands acquired an increase in sympathomimetic potency. 

(4) There was no increase in size of endocrine glands in nicotinized rats. 

(5) Chronic nicotinism did not cause vascular pathology. 
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NICOTINE AND SMOKING ON THE DOG BALLISTOCARDIOGRAM* 
Aldo N. Corbasciot and James W. West 


Departments of Therapeutic Research and of Pharmacology, U: niversity of Pennsylvania 
Medical School, Philadelphia, Pa. 


Cigarette smoking on the ballistocardiograph (BCG) was introduced by 
Henderson! in 1953 as a provocative test intended to further the diagnostic 
potentialities of the BCG in the diagnosis of latent coronary artery disease. 
Davis et al.? have given this test extensive clinical trials and have obtained 
considerable evidence in favor of this procedure, which appears to be more 
useful than exercise. Such clinical application, however, has not been preceded 
by a study of the ballistic responses of animals to nicotine. 

A series of experiments with dogs was therefore undertaken in order to 
analyze the pharmacodynamic action of nicotine in terms of changes induced 
in the generation of ballistic forces within the heart and the cardiovascular 
system as a whole. 

Localized responses following selective intracoronary administration of the 
drug were compared to the effects obtained after systemic administration 
(intravenous injections or cigarette smoke inhalation). Parallel studies were 
also performed with dogs in which an acute myocardial infarction had been 
induced experimentally. 


Methods 


The present study was conducted on an ultra-low frequency ballistocardio- 
graph (UF-BCG) built especially for acute experiments with dogs. The 
instrument consisted of a rectangular frame (180 X 50 cm.) of hollow alumi- 
num tubing (1.5-in. diam.) covered by resilient, lightweight canvas. This 
platform was suspended from the ceiling by means of 4 light steel cables about 
3m. in length. The natural frequency of the BCG was 0.3 cycles per second. 
Acceleration was transduced directly by means of a variable capacitance ac- 
celerometer{ weighing only 56 gm. The weight of the unloaded platform was 
about 3.25 kg. (approximately one tenth of the average weight of the dogs used 
in the experiment). The signal from the accelerometer was fed directly into 
a DC amplifier and recorded on a 4-channel Sanborn apparatus, which allowed 
for concurrent monitoring of ECG, systemic blood pressure, right or left atrial 
pressure, or respiration. Calibration of the instrument was obtained by the 
ratio: D/(L X d) = sensitivity (expressed in term of gravities/ cm.), in which 
D is displacement of the bed (cm.), Z is length of suspension (cm.), and d is 
displacement of the pen on the paper. ; 

The dogs used throughout the experiments were especially selected large 
mongrtels or thoroughbred boxers, 30 to 35 kg. in weight, in optimal nutritional 
condition and with good muscle tone. They were lightly anesthetized with 

* The work described in this article was supported in part by Research Grant H-625(C-9) 
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morphine (3 mg./kg. IM.) and a mixture of Dial-urethane and Nembutal 
(0.25 ml./kg.). One femoral artery and the contralateral femoral vein were 
cannulated for blood pressure recording and injection, respectively. The 
trachea was exposed and cannulated or intubated with a dog tracheal tube. 
A rigid West coronary catheter was introduced fluoroscopically through the 
common carotid into the anterior descending branch of the left coronary artery 
for direct intracoronary injection of drugs, according to a previously developed 
technique by West* that allows selective catheterization of all three main 
coronary branches (anterior descending, left circumflex, and right coronary). 
This technique offers some unique advantages, asit allows introducing drugs into 
the arterial supply of the left ventricle alone, leaving all the other sections of the 
vasculature unaffected. It was thus possible to single out the left ventricular 
components of the cardiac action of nicotine on the BCG with a selectivity 
previously impossible. It also circumvented the necessity of using open-chest 
preparations, which are undesirable because the operative procedure is poorly 
tolerated and often induces irreversible deterioration of the ballistocardiogram. 

After coronary catheterization, the animal was transferred to the UF-BCG, 
placed on its right side, and its limbs were secured to the bed by means of con- 
ventional leather straps while wide canvas belts were tightened across the chest 
and abdomen to insure maximum coupling to the bed. Spontaneous respira- 
tion was stopped by means of decamethonium bromide (0.2 mg./kg. I.V.) while 
an adequate respiratory exchange was maintained by means of an Ideal Starling 
pump connected to a tracheal cannula or tube. The connections were such that 
no appreciable drag was exerted on the bed. Neuromuscular blockade elimi- 
nated all tremors and muscular twitchings, thus insuring an almost artifact-free 
record. Recordings were obtained during temporary apnea as well as during 
assisted respiration. No artifact or base-line weave was seen in either case. 


Results 


After an initial control tracing had been secured, a small dose of nicotine 
bitartrate (0.5 ug./kg.) was injected into the anterior descending branch of the 
left coronary artery. The injection of the drug at a site which selectively 
distributes it to the anterior part of the left ventricular muscle was followed 
within 3 or 4 sec. by a striking increase in amplitude of the ventricular com- 
ponents of the systolic complex (I-J) on the ballistocardiogram (an increase of 
more than 50 per cent of the control value) and a marked change in slope of 
the H-I and I-J waves with sharpening of their respective peaks (FIGURE 1). 
This effect lasted 10 or 15 sec., after which the tracing gradually reverted to its 
control amplitude. Systemic blood pressure and heart rate remained almost 
unaffected. A striking change occurred instead in the chest and peripheral 
leads of the ECG, in which the T wave was greatly increased in height. Such 
ECG changes are elicited particularly by intracoronary injection of sympatho- 
mimetic amines which have a cardiac stimulating action. No convincing ex- 
planation is yet available for this modification of the repolarization wave of 
the ECG. The slight pressure rise (~5 mm. Hg) occasionally observed under 
these circumstances was probably due to a transitory increase in cardiac stroke 
volume induced by nicotine, which in previous experiments! has been found 
capable of augmenting the contractility of the ventricular muscle. This 
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definite, positive inotropic response could be elicited at will in the course of 
the same experiment, provided that the injections were spaced 15 min. apart. 
The intracoronary injection (0.25 to 0.5 ug./kg.) of DMPP (I-I-dimethyl]-4- 


os : 


FicurE 1. Note the profound modification of the systolic complexes of the ballistocardio- 
gram (I-J increased 98 per cent above control) after an intracoronary injection of nicotine 
(0.35 ug./kg.) into the left anterior descending branch. The arrow indicates the time of 
injection. T wave in the chest leads of the ECG is also affected while P and H are unmodified. 
Heart rate and systemic blood pressure are likewise unchanged, although the ascending limb 
of the aortic pressure wave has a greater slope than the control. Other studies have indicated 
that this is due to a change in left ventricular ejection and an increase in myocardial con- 
tractility. ; 
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. The ballistocardiographic and electrocardiographic response to intracoronary 
ae : DMPP (0.17 ee Vie.) into the left anterior descending branch is identical 
to the response to nicotine, except that a smaller dose produces a longer-lasting effect. 


phenylpiperazinium iodide), a synthetic congener of nicotine® that has the 
same ganglionic effects, gave identical responses with an appreciably smaller 
dose (FIGURE 2). a , . 
t effects of intracoronary administration of nicotine or DMPP were also 
studied in dogs after a large number of small emboli had been introduced into 
the anterior descending branch of the left coronary artery, to induce a lesion 
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similar to an acute anterior myocardial infarction. This was accomplished by 
repeated injections through the coronary catheter of 0.1 to 0.2 ml. of a 1 per 
cent suspension of lycopodium spores (average diameter 60 yu) in saline solu- 
tion. This procedure was followed by a progressive distortion of the systolic 
complexes of the ballistocardiogram, while the S-T segment of the ECG (Vs 
lead) showed the typical changes of acute anterior myocardial infarction, and 
systemic blood pressure and pulse pressure gradually declined to shock levels. 

Intracoronary injections of drugs were made several hours after the cir- 
culatory shock consequent to acute infarction had been induced, at a time when 
the ballistocardiogram was grossly abnormal in form and small in amplitude. 
In spite of this myocardial damage, the response to nicotine and DMPP was 
practically identical to that seen in the non-infarcted animals. After ad- 
ministration of the drugs, the systolic complexes of the ballistocardiogram ap- 
peared to be substantially improved; the I-J wave, which could not be clearly 
detected in the post-embolization control record, reappeared at full amplitude, 
and the entire ballistic picture was reverted to normal temporarily. No 
qualitative differences could be noted between the two drugs; DMPP, however, 
appeared to be almost twice as potent in restoring contractility in the infarcted 
heart and the duration of its effect outlasted that of the naturally occurring 
alkaloid. 

The effects elicited by intracoronary nicotine and DMPP were compared 
to the responses obtained by the intravenous injection of the two drugs in the 
course of the same experiment. Intravenous administration of nicotine in 
doses of about 5 wg./kg. produced a radically different picture (FIGUREs 3 and 
4), which is characteristic of the systemic action of the two drugs. After a 
period of 10 to 15 sec. following injection, systemic blood pressure increased 
sharply (as much as 50 mm. Hg above the control value), whereas the ampli- 
tude of the systolic complexes of the ballistocardiogram (particularly the I-J 
wave) was reduced, and the entire record reflected a decrease in the generation 
of ballistic forces. This first phase of the response lasted a variable period of 
time (from 20 sec. to 3 min.), after which the systolic pressure and the ballistic 
record reverted to their original form and amplitude. Later on, however, the 
situation appeared to be completely reversed, with a definite improvement in 
amplitude of the systolic complexes of the ballistocardiogram in spite of the 
persisting increase in systemic arterial pressure, pulse pressure, and heart rate. 
In this second phase, the over-all amplitude of the systolic complexes of the 
ballistocardiogram (H-I-J-—K) was increased well above 50 per cent of the 
control. This picture of stimulation was of longer duration (up to 60 sec.) 
than the initial phase of depression. 

Another series of experiments was undertaken to study the ballistic effects 
of nicotine inhaled with the smoke from a common-brand cigarette (no filter). 
This was accomplished by inserting a lighted cigarette into the air intake of 
the respiratory pump used to maintain the dog’s respiration. ‘The rate of the 
pump was about 30 cycles/min., and the stroke volume was usually kept around 
250 ml. of air. The cigarette smoke was administered in a series of 10 to 15 
inhalations, after which the cigarette was disconnected. Ballistocardiogram, 
ECG, femoral arterial pressure, and right atrial pressure were monitored as 
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usual during the inhalation and the ensuing three minutes. As shown in 
FIGURE 5S, the effects obtained were practically identical to those seen after the 
injection of the pure alkaloid or its synthetic congener. The only noticeable 
difference was the slower and more gradual onset of the response and its longer 
duration. It was evident that both phases of the nicotine effect (ballistocardio- 
graphic deterioration followed by improvement) could be elicited by this means. 


Discussion 


The direct coronary application of nicotine and DMPP to the anterior 
descending branch of the left coronary artery produced a consistent picture 


. ‘SMOKING BEGINS AFTER 20 sec. AFTER 60 sec. 


Ficure 5. The ballistocardiographic tracing was adversely affected by cigarette smoke 
- during the first 20 to 40 sec. of exposure; 60 to 120 sec. later, it was definitely improved. 


of stimulation of the left ventricular muscle and a definite improvement in the 
ventricular components of the ballistocardiogram (I-J wave). This Tesponse 
was qualitatively similar to that obtained with smaller doses of epinephrine or 
norepinephrine injected at the same site. Liberation of the sympathetic neuro- 
humoral mediator from cardiac ganglia has been shown to account for this 
positive inotropic effect of nicotine. It is also known that sympathomimetic 
amines appear in significant quantities in the perfusate of isolated mammalian 
hearts infused with nicotine.’ This has been verified by biological assays on 
the hypodynamic isolated frog heart, the fowl cecum, and on the isolated 
rabbit intestine preparation, as well as by spectrofluorometric measurements. 
Previous studies by West and co-workers! in open chest dogs have alse shown 
that intracoronary injections of nicotine induce an increase in myocardial 
contractility measured with the Walton strain gauge applied directly to the 
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left ventricle, as well as an increase in oxygen extraction and coronary blood 
flow. 

The systemic response to intravenous injection of nicotine and DMPP ap- 
peared therefore to be diphasic. The initial phase was dominated by a sys- 
temic pressor response, with deterioration of the ballistic tracing (in spite of 
the occasional slowing of the heart which normally tends to increase the ampli- 
tude of the ballistic record as stroke volume adjusts its output to the slower 
rate). This initial effect was considered to be peripheral in nature and due to 
stimulation of the sympathetic autonomic ganglia. The consequent increase 
of peripheral resistance and modification of left ventricular ejection with de- 
creased ability of the heart to accelerate its content could account for the ad- 
verse effects on the ballistocardiogram. The change in shape of the ejection 
curve that ensues is reflected by the decrease in slope of the I-J components of 
the ballistocardiogram. 

After 15 to 20 sec. the record suddenly improved in spite of the elevated 
systemic blood pressure. This secondary effect was considered to be the 
central or cardiac component of nicotine action: the drug had acted on the 
cardiac sympathetic ganglia and elicited therefore a picture of central stimula- 
tion of the heart, with positive chronotropic and inotropic effects. Stroke 
volume was increased, ejection was more rapid and complete, and the ampli- 
tude of the ballistic record exceeded the amplitude of the control, while right 
atrial pressure was unchanged. This eliminated the possibility that such 
change in contractility might be due to an increased venous return and con- 
sequent increase in filling pressure of the heart. The improvement in the 
ballistocardiographic tracing was even more remarkable in face of the high 
pressure already existing in the arterial system. This would indicate that 
cardiac contractility was enormously increased, as the high pressure in the aorta 
would tend, by opposing the ejection of blood by the heart, to modify the shape 
of the ejection curve, thus diminishing the amplitude and decreasing the slope 
of the I-J wave. It is reasonable to assume that, besides its direct effect on 
the heart, sympathoadrenal discharge played a considerable role in the produc- 
tion of the stimulatory phase. This, however, has not been fully investi- 
gated. 

It is interesting to note that such a biphasic picture of peripheral vascular 
stimulation with ballistic deterioration, immediately followed by heart stimula- 
tion and improvement, could be faithfully reproduced by inhalation of cigarette 
smoke. This finding is of substantial value for the interpretation of the smok- 
ing test on the BCG as currently practiced in the clinic. This would indicate 
that the initial contention according to which nicotine can be used as a cir- 
culatory stressor agent applies only to the initial effect of the drug (hyper- 
tension without cardiac stimulation). In cases in which the timing of the test 
has not been accurate, the later phase of cardiac stimulation could erroneously 
lead to the conclusion that the patient’s heart is unimpaired and that the test 
is therefore negative. The fact that a ballistic improvement can be elicited 
with nicotine in animals that have been subjected to acute myocardial infarc- 
tion should induce further caution in the interpretation of clinical results. 

These findings suggest a revision of the current technique for performing 
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the smoking test on the BCG, with constant monitoring of systemic blood 
pressure as a prerequisite. 

Clinicians are accustomed to consider nicotine as invariably detrimental to 
the heart and vessels. The smoking test on the BCG relies on nicotine as a 
circulatory stressor for detecting latent myocardial disabilities. Our results 
seem to contradict this concept: it has been shown that nicotine injected 
directly into the coronary vessels acts as a powerful stimulant, while the 
systemic administration of the drug is only initially attended by cardiac depres- 
sion, soon to be followed by myocardial stimulation. Which of these actions 
prevails in humans under normal or pathological conditions is not clear. One 
would expect both effects to be elicited under certain conditions in patients 
undergoing the test, and would anticipate that a more continuous and pro- 
longed period of observation after cigarette smoking might confirm the oc- 
currence of a biphasic response to cigarette smoking in man. 


Summary 


The ballistic effects of nicotine and its synthetic congener DMPP have been 
studied in lightly anesthetized intact-chest dogs. The effects of systemic 
intravenous and of intra-arterial injections in the anterior descending branch 
of the left coronary artery were compared. Both drugs applied locally to the 
heart induced a definite positive inotropic response in the ventricular muscula- 
ture. The response attending systemic administration was essentially bi- 
phasic, with an initial pressor rise inducing adverse ballistic effects, followed by 
signs of cardiac stimulation (positive chronotropic and inotropic effects) with 
improvement of the ballistocardiogram. 

This was also verified with dogs subject to acute anterior myocardial infarc- 
tion. Inhalation of cigarette smoke faithfully reproduced the effects of sys- 
temically injected nicotine. 

The data thus obtained suggest a revision of the clinical criteria for interpret- 
ing the smoking test on the BCG and a modification of its performance that 
may improve its diagnostic validity. 
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EFFECT OF CIGARETTE SMOKING ON THE 
INTRAOCULAR BLOOD VOLUME* 


Victor G. Fellows and Jerome W. Bettman 


Department of Ophthalmology, Presbyterian Hospital and Medical Center of San Francisco, 
San Francisco, Calif., and Division of Ophthalmology, Stanford University 
Medical School, Palo Alto, Calf. 


We have been investigating factors that influence the blood supply of the 
choroid and retina for a number of years.' During the course of these investi- 
gations we found that smoking, under certain conditions, and nicotine can have 
a marked effect on the intraocular blood volume in experimental animals. 
‘Some of this work has been reported previously,” but it has subsequently been 
amplified, as will be shown in this paper. 

Although a number of different methods have been used to study changes 
in intraocular blood volume, none has been satisfactory. These may be sum- 
marized as follows: 

1) Techniques dependent on direct observation of the vessels of the retina. 
These include direct observation with an ophthalmoscope with or without a 
grid,’ photography with a fundus camera,** and, more recently, television.® 
Although we have had no experience with television, certainly the other methods 
do not offer sufficient resolving power to permit changes in caliber of the degree 
anticipated. Furthermore, only the retinal vessels can be observed, and these 
represent but 147 of the total blood volume of the chorioretinal layer. 

We are well aware that certain investigators in the past have felt that vaso- 
constriction after smoking could be detected ophthalmoscopically. Careful 
study of fundus photographs with the finest grain paper obtainable, examined 
critically under a dissecting microscope, failed to reveal any such change. 

2) Technique of direct observation of the blood vessels of the choroid: the 
scleral window technique of Leopold.’ This method involves the insertion of a 
plastic button under the sclera, removal of the overlying sclera, and observa- 
tion of the underlying choroidal blood vessels. In our hands it has been com- 
pletely unsatisfactory (12 animals); it involves considerable trauma, can be 
used only in an albinotic animal, and permits only examination of the larger 
choroidal vessels. No response could be elicited from most agents that re- 
sulted in a marked effect by our radioisotope techniques (see below). 

3) Techniques dependent upon secondary physiological effects resulting from 
changes in vascularity. These include electroretinography,§ 910.11 tests of 
flicker fusion frequency,” angioscotometry and changes in intraocular tension. 
All of these methods except the last can be influenced by changes in the retinal 
synaptic functions,” as well as by vascular changes and, therefore, are not 
reliable. Changes in intraocular tension are induced by so many factors that 
these are difficult to evaluate. During a study of the usefulness of La in the 
diagnosis of intraocular melanomas we came to recognize that this isotope 
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might provide a useful tool as an indicator of changes in the volume of blood 
in the choroid and retina. 
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Ficure 1. Measurement of radioactivity from choroid and retina. 
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Ficure 2. Increase in blood volume, resulting in more radioactivity under Geiger-Miiller 
tube. 


We adapted to ophthalmic use a method reported by Berson and Yallow." 
Briefly, the technique is as follows:!® 

Ten cc. of blood are drawn from the experimental animal, heparinized, and 
mixed with 2.0 mc. of P®. The mixture is incubated in a rubber-stoppered 
centrifuge tube at 37° C. for two hours and, during this time, it is gently agi- 
tated. The plasma and buffy coat are removed, and the labeled RBC are then 
centrifuged and washed three times with isotonic saline. The third washing is 
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sufficient to reduce the radioactivity outside of the RBC’s to approximately 1 
per cent of the total. The radioactive resuspended red blood cells are then 
reinjected into the experimental animal. 

The radioactive phosphorus is almost entirely confined to the red cells, 
which are all within the vascular tree; hence the radioactivity must depend 
upon the volume of blood in the blood vessels within range of the detecting 
Geiger-Miiller tube. 

This may be clarified by reference to FIGURE 1. If the Geiger-Miiller tube 
is placed on the bare sclera at a point posterior to the ora serrate, the tissues 
within 8 mm. of it are the sclera, the choroid, the retina and the vitreous. As 


10% CO, IN AIR 


vl 
1°) 


x AIR 
AIR 

q { | 

g 4o 

N 

Y 5c 

G t 

PT AIR 19% COz IN AIR 

. 20 

Q 10%, COz IN AIR 

Q 


1°) 


10 20 30 40 50 60 70 60 
TIME IN MINUTES 


FIGuRE 3. 


the 6 particles of P® only penetrate a maximum of 8 mm. through tissue, 
and as P® emits only 6 particles, we need only concern ourselves with the 

tissues that lie within 8 mm. The vitreous contains no blood vessels ; the 
| sclera, very few. Almost all the blood is contained in the choroid and retina, 
especially in the former. As illustrated in FIGURE 2, if the volume of blood in 
the vessels of the choroid and retina is increased, more radioactivity will be 

eiger tube. 7 

— ee, z regulate the respirations by tracheotomizing the 5 ee 
and connecting a cannula in the trachea with a respiratory pump 0 eS é€ 
exchange of air could be regulated. If the CO» were allowed to ae cumu ee 
as in an animal that held its breath, the blood volume was increased by the 
vasodilator action of CO.. This effect is illustrated by administering 10 per 
cent CO, in air as in FIGURE 3 (10 animals). 
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During these investigations a lighted cigarette was placed in the intake tube 
of the breathing machine. If the cigarette were smoked with occasional puffs, 
as in leisurely smoking (smoked in 7 to 10 min.), no effect on the intraocular 
blood volume as determined by radiation was noted (FIGURE 4) (4 animals). 

However if the cigarette was smoked extremely rapidly, a marked increase 
in blood volume was obtained, as illustrated in FIGURE 5. This effect was of 
short duration and ceased almost as soon as the cigarette burned itself out. 
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Ficure 4. Effect of slow smoking of a cigarette. 


STOP 


STOP 


COUNTS/SECONO 
SCLERA 
S) 


START CIGARETTE 
INHALATION 


START CIGARETTE 
(NHALATION 


oO - A @ 


fe) 10 20 30 40 50 60 TO 80 
TIME IN MINUTES 


Ficure 5. Effect of rapid smoking of a cigarette. 
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The effect was repeatable a short time later, as illustrated in the figure (8 ani- 
mals). 

We obtained the same effect from the injection of nicotine solution intra- 
venously, as shown in FIGURE 6. This observation, that the vascular effect of 
smoking was probably due to the nicotine, corresponds to statements of others. 
The other constituents of smoke, such as pyridine base, carbon monoxide, and 
ash of the cigarette paper, produce no such effect.16 

If a cigarette with part of the nicotine extracted (Sano brand was used) 
and more nicotine filtered out by use of a Denicotea filter was smoked at a 
moderate rate, no change occurred, but if it was smoked rapidly (in 2 to 4 min.) 
some increase in blood volume still was obtained (4 animals), 
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FicureE 6. Effect of injection of nicotine solution. 


If an ordinary commercial cigarette was impregnated with an additional 20 
mg. of nicotine, and then smoked at the usual casual rate a variable increase in 
blood volume did occur in 13 out of 15 animals. 

The effect of pipe smoking and cigar smoking was less marked, although 
some effect was obtained. This lesser effect with pipe and cigar smoking may 
well be because the pipe simply didn’t smoke as fast. ne 

It is probable that the increase in blood volume in the eye is secondary to 
peripheral vasoconstriction and, in this sense, it is a passive dilation. We have 
previously demonstrated that the effect of a number of drugs is secondary to, 
and hence the opposite of, the effect on the peripheral vessels. As examples, 
acetylcholine and methacholine (Mecholyl), although peripheral vasodilators, 
decreased the intraocular blood volume both when given systemically or by the 
retrobulbar route. Epinephrine produced a definite increase in blood volume 
either when given systemically or by the retrobulbar route. The change in 
intraocular blood volume seemed secondary to the peripheral changes as it oc- 
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curred with other signs of systemic effect, such as salivation with methacholine, 
and rise in blood pressure and faster pulse with epinephrine. 

To determine whether the effect of smoking on the intraocular blood volume 
was secondary to peripheral vasoconstriction we administered 0.4 mg. of a 
peripheral vasodilator, Nylidren HCl (Arlidin), and followed this in a short 
interval by the same rapid smoking of a cigarette that had produced a marked 
increase of blood volume of short duration. When this same type of smoking 
was performed after Nylidren some increase in blood volume in the eye still 
occurred, but the effect was less marked and definitely more prolonged (8 
animals). The increase was diminished by approximately one half or less, and 
the effect was prolonged to at least twice the original duration. 

We attempted to correlate skin temperature measurements with a needle 
thermocouple under the skin with these changes. The results up to this time 
are too variable to be significant. Further work remains to be done on this 
difficult problem of the peripheral blood volume and correlating it with changes 
in the intraocular blood volume. 

At this time our work indicates that very rapid smoking or injection of nico- 
tine increases the volume of blood in the choroid and retina in the cat. This 
effect is probably secondary to peripheral vasoconstriction and can be dimin- 
ished by preliminary administration of a vasodilator. 

The vasodilation is not obtained on casual smoking. 

It is too early to reach conclusions concerning the clinical application of this 
phenomenon in man. One cannot help but wonder, however, if many vaso- 
dilators that have been administered in enormous quantities in an attempt to 
increase the intraocular blood supply do not in fact diminish it, as a sequel to 
peripheral vasodilation. It is possible that the drugs of choice to use sys- 
temically would be peripheral vasoconstrictors if one wished to increase intra- 
ocular blood volume. 
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CIRCULATORY RESPONSES TO SMOKING IN 
HEALTHY YOUNG MEN 


Caroline Bedell Thomas and Edmund A. Murphy 
The Johns Hopkins University School of Medicine, Baltimore, Md. 


Individual variation in the effects of smoking upon the circulation has long 
been recognized, particularly by smokers themselves. The possible significance 
of such ‘diversity, however, has not been systematically explored. The cir- 
culatory responses of normal persons have been compared with the findings in 
patients with coronary heart disease, but little attention has been paid to the 
possibility that the varying reactions to smoking found among healthy young 
adults are expressions of basic differences in the physiology of the individual 
which are important in terms of future health, on the one hand, or future 
cardiovascular disease, on the other. Accordingly, we are observing the cir- 
culatory effects of smoking in Johns Hopkins medical students as part of a 
long-term investigation concerning the precursors of hypertension and/or 
coronary heart disease. It is our purpose to determine whether the circulatory 
response to smoking is of predictive value in regard to the development of 
hypertension or coronary disease. 

All smoking tests were performed on a Starr-type ballistocardiograph, so 
that stroke volume and cardiac output could be studied in conjunction with 
blood pressure and heart rate. The frequency of deterioration in ballisto- 
cardiographic form among patients with coronary disease, compared with con- 
trol subjects, has already been discussed in this monograph. Gross changes in 
the records of many coronary patients and of some normal subjects over 30 
years of age make it difficult or impossible to measure and compare changes in 
stroke volume and cardiac output that occur in these groups after smoking. 
In healthy young adults, however, good ballistic form is found with very few 
exceptions, presenting an excellent opportunity for quantitative measurements 
of stroke volume and cardiac output both before and after smoking through the 
use of Tanner’s formula. 

The ballistocardiographic smoking test, as we carry it out, is as follows. 
After being weighed and measured, the subject lies on the ballistocardiographic 
table. Successive blood pressure measurements and pulse rates are taken until 
stable. The control ballistocardiogram is then recorded. The subject is given 
a standard cigarette to smoke at his own pace, inhaling if possible. When two 
thirds of the cigarette has been smoked, another blood pressure and _ballisto- 
cardiogram are taken. A second cigarette is smoked in similar fashion and the 
various measurements repeated. 

We are primarily interested in the change that follows smoking a cigarette 
in six variables: systolic pressure, diastolic pressure, pulse pressure, heart rate, 
stroke volume, and cardiac output. The mean pattern of circulatory response 
to smoking a single cigarette is shown in FIGURE 1. The bars indicate the mean 
percentage changes for each of the six variables among the first 113 subjects 
tested.’ Although none of the mean changes is very large, all are significantly 
different from zero. On the average, systolic pressure, diastolic pressure, heart 
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rate, and cardiac output increase after smoking, while pulse pressure narrows 
and stroke volume diminishes. These effects are seen after the first cigarette; 
negligible additional changes follow smoking a second cigarette. Accordingly, 
most of our studies are concerned with the effect of the first cigarette. The 
direction and degree of change after smoking vary greatly from subject to sub- 
ject, so that the range of values about the mean for each circulatory measure- 
ment is very wide. 

When individual patterns of circulatory response to smoking are examined, 
they show striking differences (FIGURE 2). The first subject (56M67) shows 
well-marked increases in all six variables, five of them amounting to 22 to 41 
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Figure 1. The pattern of mean circulatory changes of 113 healthy young adults in 
response to smoking one cigarette. SP = systolic pressure; DP = diastolic pressure; PP = 
pulse pressure; HR = heart rate; SV = stroke volume; CO = cardiac output. Reproduced 
by permission of Annals of Internal Medicine.) 


per cent of the resting values. In contrast, the pattern of the subject directly 
below (53M08) shows almost no change in any determinant. Another subject 
(53M42) responds with a sharp increase in pulse pressure, while below is one (54- 
M78) who reacts with an equally marked decrease in pulse pressure. | Whereas 
the heart rate usually increases as the stroke volume decreases, as in subject 
53M47, in subject 54M45 just the reverse occurs. These variations in indi- 
vidual smoking patterns aroused our curiosity and led us to make a number of 
subsidiary studies in an effort to determine their meaning. 

The reproducibility of the ballistocardiographic smoking test was investigated 
by observing six male smokers in a series of eight tests each, under uniform test 
conditions on different days.? The circulatory patterns of response for the six 
subjects are shown in FIGURE 3, where each column represents the mean per- 
centage change in eight tests. It will be seen that marked individual differ- 
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ences in response are not abolished when as many as eight tests per subject are 
averaged. This is a different group of subjects from those shown in FIGURE 2 
Persons of varying degrees of reactivity were purposely included in this study. 
In general, they maintained different characteristic patterns of reactivity 
throughout the series of tests. From the average standard deviations we have 
estimated the reliability of any single test in one subject, and found that the 
circulatory changes on smoking as measured in the first test are an unbiased 
estimate of the mean. Although the mean of results in repeated tests would 
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Ficure 2. Six different individual patterns of circulatory response to smoking. Each 
pattern represents the percentage changes in six variables shown by a single subject im- 
mediately after smoking one cigarette, compared with his own control values. (Key as in 
FIGURE 1.) Reproduced by permission of Annals of Internal Medicine. 


give more information than a single test, nevertheless the first test is as accurate 
and informative as any other single test. This conclusion fulfills a most im- 
portant requirement for a test, which is to be useful as a screening procedure. 
The intraindividual variation in the eight smoking tests on each of six sub- 
jects is shown in FIGURE 4, The black circles mark the mean value and the 
lines, one standard deviation above and below it. F represents the ratio of 
interindividual to intraindividual variance and is an indication of the confidence 
with which subjects may be classified according to the magnitude of their re- 
sponse. The analysis of variance shows that intraindividual variations of sys- 
tolic pressure, diastolic pressure, heart rate, and cardiac output were signifi- 


fair confidence to assign subjects to one of several broad groups, according to 
the magnitude and direction of the Tesponse. These findings support the view 
that individual differences in the patterns of circulatory change on smoking 
have real meaning and are not artifacts due to variance. It is worth noting, 
however, that the scatter of the results within the individual varies appreciably 
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Ficure 3. The individual circulatory response to smoking. Each column represents the 
mean of the changes in eight tests. The subjects are arranged in order of reactivity. Re- 
produced by permission of The Journal of Chronic Diseases.2 


_ from subject to subject, so that confidence limits may be applied safely to groups 
only. 

The influences of time of day and casual versus basal conditions were studied 
in an experiment on another group of 32 male smokers. Four smoking tests 
were performed on each subject: two tests on each of two days, one before 
breakfast and one before lunch. Tests A and B on the same day differed in 
the following respects: for Test A the subject had been fasting overnight, but 
in Test B fasting extended only for the four hours since breakfast; in Test A 
he had not smoked for eight hours, while for Test B he was allowed to smoke 
up to an hour before the test; before Test A he had been inactive most of the 
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previous eight hours, whereas prior to Test B he had been occupied with the 
usual morning classes. The tests on the second day were carried out as nearly 
as possible in the same manner as those on the first. The mean responses to 
smoking for 32 subjects on each of four occasions are shown in FIGURE 5. The 
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white bars give the control values, the black bars the values after smoking. 
Systolic pressure is represented by the top and diastolic pressure by the bottom 
of the blood pressure bar. In order to show small differences, only the upper 
portions of the columns for heart rate, stroke volume, and cardiac output are 
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Ficure 5. The relative constancy of the final post-smoking va \ 
cumstances. In order to represent small differences, only the upper portions of the columns 
for heart rate, stroke volume, and cardiac output are shown. For this reason, changes on 
smoking appear exaggerated. Reproduced by permission of The Journal of Chronic Diseases. 


represented, so that changes on smoking appear somewhat exaggerated. ‘It 
will be seen that the control values for blood pressure, heart rate, and cardiac 
output were higher on both occasions before lunch than before break fast. The 
final figures immediately after smoking were remarkably constant: indeed, they 
were the most constant readings. These ceiling values varied so little that 
even if the readings obtained under most unlike circumstances were compared, 
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that is, those before breakfast on one day with those before lunch on the other, 
only two of the 36 combinations were significantly different at the 5 per cent 
level, about the frequency one might expect by chance. This observation sug- 
gests that smoking a cigarette tends to push the various measurements to a 
ceiling, as if a cigarette at different times of the day “takes up the slack”’ re- 
gardless of the control figure. Moreover, the ceiling is essentially the same for 
lighter and heavier smokers and differences in habits of exercise did not affect 
it. 

To sum up in regard to reproducibility, comparison of the results obtained 
in these two series of standardized studies with those carried out originally on 
male smokers indicates that we gained little by attempting to standardize the 
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Ficure 6. The patterns of circulatory response to smoking, comparing smokers with 
nonsmokers. Reproduced by permission of Annals of Internal Medicine. 


conditions of the test beyond those laid down for the original studies. The 
presence or absence of the basal state appeared to be the only factor of general 
importance. While slight sharpening of the sensitivity of the test would follow 
its performance under basal conditions, tests carried out under casual conditions 
showed satisfactory reproducibility for practical testing purposes. 

Let us now consider the meaning of different patterns of circulatory response 
to smoking. Are they related to other characteristics of the subjects them- 
selves? In our original studies, we investigated the influence of four factors: 
body weight, sex, smoking habits, and parental history of hypertension or 
coronary disease.' The mean changes after smoking for subjects who were 
overweight, normal weight, and underweight were almost identical. After 
smoking a single cigarette, the mean systolic and pulse pressures in a small 
group of women rose significantly more than in men, but there were no signifi- 
cant differences in the change in diastolic pressure, heart rate, stroke volume, 
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or cardiac output. Comparison of the patterns of subjects with different’ 
smoking habits showed that smokers respond to a single cigarette a little more 
actively than nonsmokers, but these differences did not achieve significance in 
the preliminary study, where the numbers were small (FIGURE 6). Ina later 
study on larger groups, the heart rate change after smoking was significantly 
greater than in nonsmokers.? Of particular interest was the comparison of the 
patterns of subjects with different family histories. In FIGURE 7 the pattern 
of subjects with a parental history of hypertension is compared with the pat- 
terns of subjects whose parents are free from cardiovascular disease and of 
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HI = ONE PARENT WITH HYPERTENSION (H+C-) 
(N= 12) 


E4= BOTH PARENTS UNAFFECTED (H-C-) 
(N= 49) 


[_]= one PARENT WITH CORONARY ARTERY DISEASE (H-C+) 
(N =11) 


i i j ith parental 
Ficure 7. The patterns of circulatory response to smoking among subjects wi Pp 
history of ey béttention, subjects with normal parents and subjects with parental history of 
coronary artery disease. Reproduced by permission of Annals of Internal Medicine. 


subjects with a history of parental coronary disease. The offspring of hyper- 
tensive parents tended to be much more reactive than the offspring of unaffected 
parents, with a significantly exaggerated increase in cardiac output after smok- 
ing one cigarette as well as a greater rise in blood pressure and heart rate, while 
the offspring of coronary parents showed a significantly more marked diminu- 
tion in stroke volume and a smaller increase in cardiac output than the offspring 
of unaffected parents. Accordingly, the difference in response to the smoking 
test appears to be in part genetically determined, and may be of predictive 
value in regard to the development of hypertension and coronary rigs ail 
early age, on one hand, or as an index of longevity and freedom from disease 


on the other. | 
The finding that subjects with parental hypertension show exaggerated re- 
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sponses to smoking supports the concept that hyperreactivity is a prehyper- 
tensive characteristic. Hines and Roth found that patients with clinical hyper- 
tension show somewhat greater mean rises in blood pressure after smoking two 
cigarettes than persons with normal blood pressure, and it is well known that 
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hypertensive patients are usually hyperreactors to the cold pressor test of 
Hines and Brown. Roth and her associates, in repeated observations of six 
subjects, noted limited agreement between hyperreactivity to smoking and to 
the cold pressor test.6 

We have compared the responses of blood pressure and heart rate to the 
smoking test with the responses to the cold pressor test in 356 men. In both 
tests, age and smoking habits had little influence on the magnitude of the re- 
sponse of blood pressure and heart rate. The distributions of the changes in 
systolic pressure and diastolic pressure (in mm. of Hg) and in heart rate (in 
beats per minute) in each of the two tests are presented in cumulative probabil- 
ity graphs in FIGURE 8. Here percentages are plotted on a probability scale 
so constructed that a normal distribution forms a straight line. It will be seen 
that each of the three measurements in the two tests does show approximately 
normal distribution, so that all appear to be continuous variables. Any divid- 
ing line or cutting point to distinguish “hyperreactors” in either test, therefore, 


TABLE 1 


CHARACTERISTICS OF Mate SuByects WITH AND WITHOUT CHANGES IN 
BALLISTOCARDIOGRAPHIC Form BEFORE AND AFTER SMOKING 


Changes in BCG form* 
in percentage 


Characteristic 


Present Absent 

(18 men) (227 men) 
Age (25 years or over) 50.0 36.6 
Overweight (10% or over) 61.1 26.4 
Mesomorphy/endomorphy (ponderal index under 13.00) 88.9 52.9 
First cholesterol (250 mg./100 cc. or over) 61.1 20.9 
Smoker or former smoker ; 88.9 68.8 
Parental history of hypertension and/or coronary heart disease 55.6 32.9 


* Significant differences calculated by the X? method. Overweight 0.01 > P > 0.001, 
Cholesterol P < 0.001. 


seems purely arbitrary. Correlations between the responses to the two tests 
were all relatively low, although some were significant. For example, the sys- 
tolic rise on smoking showed correlations of 0.18 and 0.19 with the systolic and 
diastolic response to smoking, respectively; both were significant at the P = 
<0.001 level. We conclude that independent information is gained from each 
test. Accordingly, both tests may contribute to the appraisal of individual 
circulatory reactivity, and one test does not replace the other. 

Finally, we have reviewed the records of the 245 students in the classes of 
1953 through 1958 who took the smoking test in regard to normality of ballis- 
tocardiographic form. Over 98 per cent of the subjects had normal control 
tracings. One man and one woman showed abnormal form in the control 
record, while.two men showed borderline changes; one of the latter tracings 
deteriorated further after the first cigarette. After smoking, normal ballistic 
form became borderline or abnormal in 17 additional records, 15 after the first 
cigarette and 2 after the second cigarette. In all, 21 subjects (18 men and 3 
women), or 7.4 per cent of all those studied, showed borderline or early ab- 
normal ballistocardiograms at the end of the second cigarette. 
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The borderline changes in ballistocardiographic form consisted in rounding, 
blunting, or notching of the J and K waves and the occasional presence of early 
M waves in successive cycles. ‘These changes were more pronounced in most of 
the records interpreted as abnormal; the small complexes had decreased in size 
and had become irregular. In three subjects the record was distorted after 
smoking by a hyperkinetic pattern associated with marked tachycardia. 

Certain characteristics of the 18 men with borderline or early abnormalities 
in ballistocardiographic form are summarized in TABLE 1. Compared with the 
records of the 227 men with normal form, they show a higher proportion of: 
(1) older subjects; (2) subjects 10 per cent or more overweight; (3) mesomorphy 
and/or endomorphy, as indicated by the ponderal index; (4) subjects with 
higher cholesterol levels: 250 mg./100 cc. or above at first test; (5) smokers 
and former smokers; and (6) subjects with a positive history of hypertension 
and/or coronary disease in one or both parents. 

The traits characterizing the group with ballistocardiographic changes are 
those often associated with coronary heart disease, that is, a family history of 
cardiovascular disease, overweight, mesomorphy and/or endomorphy, and 
higher cholesterol levels. More than twice as many as expected were over- 
weight, and about three times as many as expected had high cholesterol levels. 
The mean cholesterol level at first test was 265.0 mg./100 cc. for the 18 men 
with ballistic form changes, in contrast to a mean of 228.5 mg./100 cc. for 562 
men in the classes of 1948 through 1957 (regardless of their ballistocardiographic 
form). 

These studies are exploratory and many questions remain to be answered. 
We have already progressed enough to learn, however, that the ballistocardio- 
graphic smoking test reveals many clues which may prove useful in evaluating 
individual differences in circulatory homeostatic mechanisms. 
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COMPARISON OF CARDIOVASCULAR AND RELATED 
CHARACTERISTICS IN HABITUAL SMOKERS 
AND NONSMOKERS* 


Henry Blackburn, Josef Brozek,{ Henry L. Taylor, Ancel Keys 
Laboratory of Physiological H ygiene, University of M innesota, Minneapolis, Minn. 


There is as yet no convincing theoretical explanation or experimental basis 
for the apparent statistical association between smoking and higher cardio- 
vascular mortality rates. The voluminous and often conflicting data on acute 
circulatory effects of smoking lead nevertheless to speculation that cardio- 
accelerator, pressor, and other Tesponses may precipitate or aggravate manifest 
‘cardiovascular disease. However, no evidence exists that there is an acute 
effect on factors related to pathogenesis, such as atherosclerosis or throm- 
bosis.1:?_ Moreover, there is little available information on the chronic effects 
of smoking. The interesting studies reported in this monograph have con- 
tributed to our knowledge in this tegard, but point up particularly the need 
for more long-term experiments. 

One approach to the possible chronic effects of smoking is epidemiological, 
the comparative analysis of personal characteristics of habitual smokers and 
nonsmokers. Details of the methodology in sample selection and in securing 
these data have been, or shortly will be, published elsewhere.?4.> Measure- 
ments were made and values are presented for a number of circulatory and 
related parameters among groups of students, business and professional men, 
firemen, railroad and rural workers, for a total of 1618 men, ages 17 to 67, in 
this country and in Finland. Most comparisons are made between the extreme 
categories of nonsmokers and heavy cigarette smokers. The classification of 
cigarette smoking intensity was made as follows: Never, never smoked, or 
occasional and remote history; Occasional, not daily; Light, regular smoker, 
under 10 cigarettes/day; Moderate, regular smoker, 11 to 20 cigarettes/day; 
Heavy, regular smoker, 21 or more cigarettes/day; and Stopped, stopped ail 
smoking for at least one year. 

The relatively few cigar and pipe smokers led us to report data according to 
cigarette habits alone; where tested, the consideration of multiple smoking 
habits affected very little either the smoking intensity that had been given for 
cigarettes or the mean values for particular circulatory items. It should be 
pointed out that the acute effects of smoking were quite well excluded in the 
first two groups of highly motivated “guinea pigs” involved in our longitudinal 
cardiovascular studies at the Laboratory of Physiological Hygiene. They 
received written and verbal instructions not to smoke before reporting in the 
morning, in a fasting state for the study. In the field surveys a number of 
procedures including interviews, X-ray examinations, and clinical examinations 
were carried out prior to the pulse and blood pressure measurements and during 
these procedures, smoking was proscribed. 
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Results 


Age. In TABLE 1 are the age comparisons between smoking groups. Where 
a wide age spread occurred, age-trend analysis for each item of interest was 
carried out. 

Heart rate. In TABLE 2 are the mean basal or resting heart rates for several 
groups. The basal pulse rate for the first groups and the resting pulse rate for 
the second are consistently higher in the heavy smokers, reaching statistical 
significance in some instances; this was corroborated by age-trend analysis. 


TABLE 1 
AGE In “NEVER” VERSUS ‘HEAVY’? SMOKERS 


noel Se Never Heavy A Significance 

Businessmen 286 Mean 49.2 (67) | 48.4 (36) —0.8 None 
S.D. 3.1 2.9 

Students 159 Mean 20.1 (83) | 20.8 (53) 0.7 ne 
S.D. ite 1.8 

Railroad workers 414 Mean 46.8 (73) | 43.4 (138) —3.4 - 
SD: 124 10.3 

Firemen 234 Mean 39.8 (56) | 39.9 (60) 0.1 None 
al Be 9.5 6.4 

See Oa 
TABLE 2 


BASAL OR RESTING PULSE RATE IN ‘NEVER’ VERSUS ‘‘HEAVY’’ SMOKERS 


TREND. Never Heavy A Significance 
Businessmen 286 Mean 64.5 (82) | 69.0 (48) 4.5 a 
S.D. 8.4 9.9 
Students 159 Mean 627.7 (83), | 65.24. (53) 3.0 tT 
: S.D 8.8 Tel 
Railroad workers 414 Mean 68.1 (73) | 69.3 (138) ile None 
; S.D. 11.9 12.3 
Firemen 234 Mean 72.3 (56) | 79.8 (60) ie: t 
S.D. 8.3 12.0 
mPie<a 0.01; 
+P, < 0.05. 
TP, < 0.001. 


In TABLE 3 are the actual work pulse rates in several groups taken during 
the course of a 10-min. treadmill walk at 3.5 mph and 5 per cent grade. Al- 
though it is not shown in the table, the higher pulse rate in the businessmen 
smokers was found to-be statistically insignificant when individuals with cardio- 
vascular disorders were screened out of the sample and when comparisons were 
made between nonsmokers and all smokers combined. No significant differ- 
ences were found in the work pulse increment or in pulse recovery time after 
effort. 

In TABLE 4 are the businessmen’s pulse responses to immersion of the hand 
in ice water and to 6 per cent CO, inhalation. No differences were found in 


~ 
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comparing smoking categories, nor were any apparent in the young university 
student group. 


Blood pressure. Mean resting auscultatory blood pressures are given in 
TABLE 5. In the first two groups, of students and businessmen, hypertensive 


TABLE 3 
ACTUAL Work PutsE RATE IN “NEVER” VERSUS “HEAvy’? SMOKERS 


Total no, 


Be Never Heavy A Significance 
Businessmen 286 114.8 (61) 121135) 6.9 . 
Students 159 118.6 (83) 115.7 (53) —2.9 None 
Railroad workers 414 dT 564 (73) 116.6 (138) 0.9 None 


*P; < 0:05. 


TABLE 4 


PULSE RESPONSE TO Co~tp Pressor TEST AND 6 PER CENT CO, INHALATION 
IN “NEVER” vERsuS “Heavy” SMOKERS 


(In Businessmen) 


Never Heavy A Significance 
Cold pressor 
Pulse increment (mean) Bees (67) 6.9 (35) \ gall None 
CO, inhalation 
Pulse increment (mean) 7.4 (67) 9.3 (36) 1.9 None 
TABLE 5 
MEAN REsTING BLOop PreEssuRES IN “NEVER” VERSUS “HEAVY” SMOKERS 
Total no. Never Heavy A Significance 
men 
i 233 S 123.0 (60) 124.0 (33) 10, None 
oe D 81.1 83.1 2.0 None 
156 S 121.3 (83 120.3 (53) —1.0 None 
aS D 68.1 ae 69.4 ‘3 None 
i 414 S 133.8 (73 129.3 (138) —4, None 
eee reer D 80.6 es iba re None 
i 234 S 135.1 (56 132.4 (60) —2. 
a D pee 76.5 —3.7 |Nottested 
Railroad and fire- | 648 S 134.4 (129) 130.2 (198) —4.2 * 
pee ai a ge (165) co (soy 268 { 
pS 525 S . . Sas) 
Finnish workers EA a ae 5 t 


S = systolic; D = diastolic. 

*P, < 0.05. s $i 

{ P. approaches 5 per cent level of significance. 
TP. < 0.001. 


subjects were selected out at the very outset of a long-term follow-up study, 


‘now in its thirteenth year. There are no blood pressure differences relating to 


smoking habit in these two groups, but in examination of the data from broader 
studies of working populations there is a distinct tendency toward lower systolic 
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and diastolic levels in smokers. This is sometimes statistically significant, as 
in the combined United States firemen and railroad workers and the Finnish 
rural workers, and remains significant when the compared groups are rendered 
homogeneous with regard to age. 

Blood pressure responses to the exercise test, a treadmill walk, are given in 
TABLE 6. There were no differences between the only two groups analyzed 
thus far, the students and middle-aged businessmen, and there was no difference 
in blood pressure recovery time. 


TABLE 6 
MEAN BLoop PRESSURE RESPONSE TO EXERCISE IN SMOKERS AND NONSMOKERS 


Never Heavy A Significance 

Businessmen 

Systolic increment 5.4 (49) Sn (26) —0.1 None 

Diastolic increment —1.3 0.3 1.6 None 
Students 

Systolic increment 16.3 (83) 17.6 (53) 2 None 

Diastolic increment —18.8 —17.0 —1.8 None 

TABLE 7 


MEAN BLOOD PRESSURE RESPONSE TO COLD PRESSOR TEST AND 6 PER CENT 
COz INHALATION IN “NEVER” VERSUS “‘HEAVY’”? SMOKERS 


(In Businessmen) 


Never Heavy A Significance 


Cold pressor 
Systolic increment 9.8 ( 
Diastolic increment 15.8 ( 
COsz inhalation 
Systolic increment 16.6 ( 
Diastolic increment Oia 


None 
* 


None 


mob << 0,01. 
TP, < 0.05. 


Responses by the students in these studies to the cold pressor test are not 
different, which is similar to the results Thomas and Murphy reported for their 
young subjects.° In TABLE 7, however, middle-aged heavy smokers show a 
significantly smaller diastolic pressure rise on cold immersion. This difference 
is exaggerated when the entire sample, including subjects with cardiovascular 
disease, is considered. 

Systolic blood pressure response to CO: inhalation is greater in heavy smok- 
ers, but the significance of this difference disappeared when the smoking group 
was enlarged to include all smokers (N = 112). 

Cardiac output. In TABLE 8 are the mean resting cardiac outputs in a small 
number of the middle-aged businessmen. These are acetylene method values, 
uncorrected, and are systematically lower than Fick values. The mean values 


are similar for cardiac output, but AV oxygen difference is apparently greater 
in smokers than nonsmokers. 
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To interpret these isolated circulatory findings better we shall briefly con- 
sider some related variables of basal oxygen consumption, relative obesity, 
and body build. 

Basal oxygen consumption. In TABLE 9 basal oxygen consumption is seen 
to be slightly higher in heavy smokers, so the data for all smokers combined 
was examined and the oxygen consumption found to be significantly higher in 
smokers of the businessmen group. This is not seen in the student group. 


TABLE 8 


REstTING Carpiac Output (ACETYLENE METHOD) IN SMOKERS VERSUS 
NONSMOKERS OF BUSINESSMEN GROUP 


Mod 
’ a 32) and Heavy A Significance 
Cardiac output (1./min.) mean 4.8 4.7 —0.1 None 
AV oxygen difference (cc./1000 cc.) 
mean 65.3 69.5 4.2 * 
Pre 0.05, 
TABLE 9 


BasaL OxyGEN CONSUMPTION (cc./MIN./M?) IN SMOKERS AND NONSMOKERS 


Joe ao: a ven) Ss) A Significance 

Businessmen 286 Mean 11S 117.9 4.6 * 

S.D. 11.6 11.4 

All smokers 
(N = 114) 
1Si 286 Mean 113.3 lib ad 4.4 tT 

oo S2Dy LRG 12.0 
Students 159 Mean 128.4 128.2 —0.2 None 

S.D. 10.2 -— 


* Approaches 5 per cent level of significance. 
T P: < 0.05. 


Relative body weight, fatness, and body build. Because pulse and blood pres- 
sure and their responses to stress tests are affected by relative obesity it is of 
interest to examine a few measures of body fatness. In TABLE 10 relative body 
weight (from standard height-weight tables) is given for these groups. The 
heavy smokers are consistently less “obese” than nonsmokers and, in the com- 
bined worker groups, the difference becomes statistically significant. 

In TABLE 11 relative fatness, as measured by a more reliable technique, body 
densitometry, reveals a similar difference, but it is not statistically significant, 
nor are the differences in the sum of 3 skin folds in the identical groups. In- 
creasing the numbers by adding ‘‘moderate”’ smokers did not change the signifi- 
cance. The sum of 2 skin folds in the Finnish population is significantly 


smaller in all smokers combined. 
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Body build. Body build from skeletal measurements is of interest in such 
group comparisons, as basic differences in body structure may be reflected that 
would suggest inherited, rather than environmentally determined, differences 


TaBLe 10 
RELATIVE Bopy WEIGHT IN SMOKERS AND NONSMOKERS 


Never Heavy A Significance 
Businessmen Mean 100.3 98.9 —1.4 None 
S.D 14.8 14.6 
Students Mean 108.5 104.1 —4.4 = 
S.D. 14.8 14.3 
Railroad workers Mean 105.9 103.1 —2.8 None 
S.D. 1125 1235 
Firemen Mean 112.0 108.6 —3.4 None 
S.D. 10.8 10.4 
Railroad and firemen com- Mean 108.5 104.8 —3.7 T 
bined Ss 11.6 12.1 


* Approaches 5 per cent level of significance. 
TP: < 0.01. 


TABLE 11 
FATNESS IN “NEVER” vERSUS ‘‘HEAVY’? SMOKERS OF BUSINESSMEN GROUP 


Never Heavy A Significance 
Sum of 3 skin folds (mm.) 37.6 (65) 33.4 (35) —4.2 None 
Body fat (%) 24.6 (65) 24.2 (35) —0.4 None 


FATNESS IN “NEVER” veRSUS “ALL CURRENT SMOKERS” IN FINNISH WORKERS 


Never All rN Significance 
Sum of 2 skin folds (mm.) 21.9 (165) 18.3 (360) 3.6 a 
P= 0.05. 
TABLE 12 


ANTHROPOMETRIC INDEX (LATERALITY-LINEARITY) IN SMOKERS AND 
NONSMOKERS IN BUSINESSMEN GROUP 


All regul 

N gular . ie 

a aye seer A Significance 

Bicristal plus biacromial di- Mean 39.4 39.7 0.3 N 
amnetervatantinig height S.D. UR 1.50 a 


between smokers and nonsmokers. In TABLE 12 is given an index of the pelvic 
and shoulder diameters divided by height; no difference is apparent between 
smokers and nonsmokers. Moreover, the standing height alone is not different. 

Hemoglobin. Eisen and Hammond’ and others have reported higher hemo- 
globin values in heavy smokers. The data in our material show a consistent 
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trend toward higher values in smokers, according to intensity of smoking, but 
the difference is nowhere significant. A direct comparison of Never and com- 
bined smokers is given in TaBteE 13. 

Lipids. Having considered other variables known to be associated with 
cardiovascular mortality, such as obesity and blood pressure, we shall now 
examine cross-sectional comparisons of blood lipid values in habitual smokers 
and nonsmokers. In TABLE 14 a tendency to higher mean cholesterol levels 
in smokers is found, never significant in the United States groups, but highly 
significant and occurring in all age groups among the Finnish population. 
Further breakdown of the United States cholesterol data into smoking cate- 


TABLE 13 
‘ HEMOGLOBIN IN SMOKERS AND NONSMOKERS 
(Businessmen) 
Mod = 
RECS and Heavy A Significance 
Hemoglobin (gm.%) Mean 15.43 15.69 0.26 None 
pose @" S.D. 0.93 | 0.97 
TABLE 14 
SERUM CHOLESTEROL IN “NEVER” vERSUS “HEAVY” SMOKERS 
Never Heavy A Significance 
Businessmen 234.8 (65) 242.7 (73 M + H)* ed None 
Students 173.7 (83) 179.0 (53 M + H)* SIRS) None 
Railroad workers 224.8 (73) 232.2 (138) 7.4 None 
Firemen 241.7 (54) Dole ta (59)) 9.2 None 
Finnish workers 222.6 (165) 248.1 (360) IR) t 


*M + H = Moderate plus Heavy smokers. 
TP: < 0.001. 


gories for groups above and below the median of relative body weight revealed 
no differences. In TaBLE 15, the cholesterol in the beta fraction is not different, 
but the businessmen smokers are found to have a lower cholesterol/phospho- 
lipid ratio. hes 

In TABLE 16 a comparison of alimentary lipemia curves, following a standard 
90 gm. fat meal among a “‘coronary”’ group, reveals no differences at selected 
time intervals, and none was found between combinations of values representing 
predominantly ‘absorptive and clearance phases.’ _ 

In TABLE 17 the dietary fat consumption of businessmen smokers and non- 
smokers is not significantly different. These data represent actual fat analyses 
from duplicate meal portions saved by the wives of the subjects for a one-week 
Bone metabolic measures. ‘Two other metabolic measures, indirectly related 
to lipid measures, are blood glucose and protein-bound iodine. These are 
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given for the businessmen, in TABLE 18, and reveal an interesting higher fasting 
blood sugar (Somogyi method) in smokers, and no difference in plasma iodine. 

Respiratory measurements. There is an increasingly large body of informa- 
tion on respiratory function and disease related to smoking. There are, how- 
ever, few reports from populations of substantial size that make cross-sectional 
comparisons of pulmonary function data according to smoking habit.4* In 


TABLE 15 


CHOLESTEROL/PHOSPHOLIPID RATIO AND BETA LIPOPROTEIN CHOLESTEROL IN 
SMOKERS AND NONSMOKERS OF BUSINESSMEN GROUP 


an as Goon A Significance 
Cholesterol/phospholipid Mean 1.558 1.460 —0.098 4 
S.D. 0.124 0.154 
All current 
N 
w= so | aon 
Cholesterol/phospholipid Mean 1.558 1.493 —0.065 = 
S.D. 0.124 0.149 
All current 
N 
(N= 62) | smokers, 
Beta-cholesterol (% of total Mean 81.0 80.6 —0.4 None 
cholesterol) S.D. 5.6 6.4 
*P2<0.01. 
TABLE 16 


ALIMENTARY LIPEMIA IN SMOKERS AND NONSMOKERS: 44 “CoRONARY’? SUBJECTS 
Plasma Optical Density Units at 650 mu 


Gres ord A Significance 
Fasting 77 59 18 
214 hours postmeal 324 338 —14 None 
4 hours postmeal 435 466 =—31 None 
514 hours postmeal 392 420 —28 None 
7 hours postmeal 317 318 —1 None 
TABLE 17 


Dietary Fat Consumption In SMOKERS AND NONSMOKERS OF BUSINESSMEN Group 


All a 
ee Hae A Significance 
Total fat (gm.) Mean 114.7 | 11 
Per cent of fat calories : Mean 40.3 as es Noe 
Animal fat (gm.) ‘ Mean 84.0 86.0 2.0 None 
Per cent of animal fat calories Mean 29.8 30.3 0.5 None 


——— 
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TABLE 19 is the data available on lung compartments from the same business- 
men group; age, relative body weight, and acute smoking effects were elimi- 
nated in this comparison. The differences are rather small, but there is a 
smaller vital capacity, larger residual volume, and larger residual volume/total 
capacity ratio in the smokers. There was also a significantly higher proportion 
of individuals with elevated RV/TLC ratios (> 35 per cent) among the smokers 
(31.2 per cent compared to 13.8 per cent, P chi square = 0.015). 


TABLE 18 


Fastinc Bioop SuGAR AND PROTEIN-BounpD IopINE IN 
SMOKERS VERSUS NONSMOKERS 


(Businessmen) 
; All t _ 
eee ) spoken. A Significance 
FBS (mg.%) Mean 69.6 74.3 4.7 = 
" S.D. 14.9 10.4 
PBI (mg.%) Mean atte Sr 52 —0.25 None 
S.D. 1.40 1 siless 
P= 0:01: 
TABLE 19 
Lune Votume In SMOKERS AND NONSMOKERS OF 
MippLe-AGE BusinessMEN Group* 
All t = 
es sgnokers A Significance 
Vital capacity (cc.) mk ee or —211 ‘| 
Residual volume (cc.) ean Se “8 @ as 
i F Mean 6228 61 — one 
Total lung capacity (cc.) oe aor 505 io ; 
Mean 30.6 5 : 

pt See 4.1 6.9 

I SPA 

t Pi < 0.05. 

Pe OLOL- 


Stopped smoking. It is a common impression that individuals who give up 
smoking put on weight. We have verified this Impression in a previously 
published study.® In TABLE 20 are the average weights of 21 men (FE) in the 
two years after the year in which they stopped smoking, compared to the two 
years prior to stopping. They stopped under no compunction, of illness. A 
control group (C), matched for body weight at the outset, continued smoking 
and showed no significant weight change, but the smokers gained an average 
iia extended these observations to blood pressure and serum cholesterol 
changes for the same matched groups, as seen in TABLE 21. ‘There is a signifi- 
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cant rise in serum cholesterol in the stopped-smoking group, which is consistent 
with other studies showing cholesterol rise during periods of positive caloric 
balance. Some doubt of the significance of this change arises when it is noted 
that there is a small increase in the mean cholesterol of the control smoking 
group that eliminates the statistical significance of the group differences. 
When these longitudinal observations were extended to another subgroup of 


TABLE 20 


MEAN WEIGHTS, WEIGHT CHANGES, AND DIFFERENCES IN WEIGHT CHANGE 
BETWEEN THE 2 Groups, CURRENT (C) AND SToppED (E) SMOKERS* 


Group Experimental (E) Control (C) 

Weight, kg., for years 1 and 2 76.05 76.36 
Weight, kg., for years 4 and 5 79.78 75.86 
Weight change, mean S213 —0.50 

S.D. +1.94 +3 .03 
Weight change, ¢ within group S05} 1.18 
Weight change difference, kg., (E-C) 4.23 
Weight change difference, ¢ between groups 5.397 


: < Reprinted from Science by permission of the American Association for the Advancement 
of Science.® 
} Statistically highly significant. 


TABLE 21 


MEAN SERUM CHOLESTEROL AND SysTOLic BLOOD PRESSURE, AND THEIR 
LONGITUDINAL CHANGES IN STOPPED (E) AND CURRENT (C) SMOKERS 


Group Experimental (E) Control (C) 

Cholesterol mg.% for years 1 and 2 221.8 214.6 
Cholesterol mg.% for years 4 and 5 232.6 212 
Change, mean 10.8 2.6 
t within group P heaboy Bog On52 
Change, difference 8.2 
t between groups 1.25 
Systolic BP for years 1 and 2 124.7 122.4 
Systolic BP for years 4 and 5 129.0 125-95 
Change, mean 4.3 Sil, 
t within group de37 1.15 
Change, difference 2) 5 
t between groups 0.29 

*P, = <0.05. 


21 of the businessmen who had never smoked it was found that the average 
cholesterol rose from 201 to 210 mg. per cent over the same observation period, 
with no significant change in body weight. 


Discussion 


This approach, essentially statistical, reveals some differences in circulatory 
and related measurements between men smokers and nonsmokers. However 
the differences are small, and certain inconsistencies in the data lead us to be 
quite circumspect in theorizing about the reasons for these differences. This 
statistical approach also tends to disguise occasional important individual 
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response patterns to smoking. Thomas’ elegant study, in which she has tested 
cohorts according to familial medical history, modifies to an extent this weak- 
ness in approach, and longitudinal studies should provide worthwhile revela- 
tions. 

It appears that, even upon careful exclusion of acute smoking effect, basal 
heart rate is faster in smokers than in nonsmokers. Most acute accelerator 
effects of smoking last under 30 min.,!° and unmodified nicotine disappears 
promptly from the circulation. Furthermore, Watts has reported that al- 
though pressor amines increase in the circulation after smoking, the total 24- 
hour excretion is no greater in smokers than in nonsmokers." It may be that 
the faster heart rate is due to increased metabolic activity, for which other 
associations found here give supportive evidence. We should prefer that 
pharmacologists speculate about the chronic effects of smoking on autonomic 
regulation. 

The work and recovery pulse data, in our opinion, provide no evidence for 
reduced “circulatory fitness” in smokers. When middle-aged subjects with 
cardiovascular abnormalities were included in the smoking comparisons the 
actual work pulse was slightly but significantly higher in smokers. This is 
quite in accord with the safe conventional recommendation that individuals 
with cardiovascular disease “should not smoke, or should at least cut down.” 
We are looking further into the status of physical training and activity versus 
sedentary habits in smoking and nonsmoking groups, since this is the most 
potent factor in determining pulse responses to effort. 

The finding of lower resting blood pressure in smokers has been reported in 
other populations.'* The fact that this is not apparent in the groups highly 
preselected for health indicates some interesting possible sources of bias. At 
the outset, there are no significant differences in the prevalence of smoking 
habit in many adult male populations we have studied. There is a tendency 
in our material, as well as in a British report,!* toward a greater prevalence of 
hypertension among nonsmokers. Statistical analysis of both these data 
reveals that the differences are not statistically significant. In the combined 
United States groups in which blood pressure differences are found after stand- 
ardization for age, there is also a significantly lower relative body weight in the 
smokers. If the data are standardized for relative weight, the mean differences 
in blood pressure between heavy smokers and nonsmokers are no longer signifi- 
cant. 

This demonstrates that bias from selection or from other differences in group 
composition may be operative, and tempers the consideration of direct causal 
effects of habitual smoking. 

In the businessmen group, where no resting blood pressure differences occur, 
the diastolic pressure response to the cold test is significantly less marked in 
chronic smokers. Again we desire comment from pharmacologists concerning 
the possibility of chronic sympathetic blockade, or depletion of vascular tissue 
norepinephrine by nicotine. , 

The lipid data are also inconsistent between geographic areas. The higher 
cholesterol in smokers is clearly significant in the Finnish population at all 
ages. Gofman ef al.4 and Bronte-Stewart'’ have reported this in isolated 
younger age groupings. E. Orma (personal communication), is considering 
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the interesting possible relationships between smoking, higher plasma thio- 
cyanate levels, reduced thyroid function, and lipid metabolism in the Finnish 
area where cholesterol differences are found. In our study of middle-aged 
businessmen there is a low correlation between protein-bound iodine and serum 
cholesterol,!* and no cholesterol differences according to smoking habit; accord- 
ingly further studies of this relationship are not being pursued. It is of interest 
that the cholesterol/phospholipid ratio is lower in smokers of that group. 

Studies of acute effects of smoking on lipid metabolism reveal no changes in 
the common lipid fractions following smoking! and very questionable effects on 
alimentary lipemia.!7»18 

From this material and from other unpublished population data it is apparent 
that smoking cannot be a primary factor affecting cholesterol level. There is a 
smoking “‘effect’’ (statistically) in some populations but not in others, whereas 
large geographic differences in cholesterol levels are found and cigarette smoking 
habits are roughly comparable. 

The isolated datum on higher fasting blood glucose in smokers, it appears, 
will simply add fuel to the old conflict from disparate reports of the acute effect 
of smoking on blood sugar. 

The respiratory data are of interest, and subsequent studies more pertinent 
to ventilatory function are consistent’ in that there is evidence of impaired 
function in smokers. 

Although the impression is widely held, the evidence that smokers and non- 
smokers are fundamentally, genetically, or psychologically different is still 
meager. Our anthropometric data reveal no differences. The smoking habit 
appears to cut widely across personality and occupational choice categories. 
Thomas’ contribution is most interesting in that she finds the tendency to 
smoke and an index of susceptibility to cardiovascular disease to run parallel.!® 
Fisher’s collection of data on smoking habits in monozygotic versus dizygotic 
twins suggests inherited differences.2° These lines of investigation must be 
pursued if the role of smoking in the pathogenesis of disease is to be clarified. 

Other inconsistencies in these data, in regard to the ‘“‘effect”’ of the amount 
of smoking, as well as the sources of bias discussed, render dubious the etiologic 
role of smoking in the observed differences. For these reasons, plus the over- 
all small magnitude of the differences found and the paucity of long-term experi- 
mental evidence, we are unable to give serious consideration to these circulatory 
phenomena as important underlying factors in the increased cardiovascular 
mortality rate among smokers. It is clear from epidemiological reports?! 
that the smoking habit is less significantly associated with coronary attack 
rate than are relative weight, blood pressure, or serum cholesterol. If smoking 
is the causal factor in excess cardiovascular mortality among smokers it is 
apparent that it does not operate through producing obesity or hypertension, 
and it is not likely that it significantly affects lipid metabolism. If anything, 
in fact, smokers are less obese than nonsmokers. This lack of association with 
variables well known to relate to cardiovascular mortality contributes to argu- 
ment both for and against a primary role for smoking. 

There is no convincing evidence that smoking is involved in the underlying 
pathogenesis of cardiovascular disease, atherosclerosis, thrombosis, or hyper- 
tension. We are left with the ancient impression that the acute pressor and 
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other as yet unknown acute effects of smoking may aggravate extant heart 
disease or precipitate manifest disease in a latent disease state, and that in 
this way smoking may exert its principal effect on cardiovascular mortality 
rate. Berkson has evoked an equally aged concept to explain smoking effects, 
that of the “rate of living,” which Pearl?‘ and other biologists have visualized 
as woven through the fabric of animal life. The suggestion in our data of 
accelerated metabolism and heart rate should have appeal to this school. 
Even a Selye response is not inconceivable, which, in turn, suggests another 
study of smokers and nonsmokers. 
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Part VI. Effects of Nicotine and Smoking in Cardiovascular Disorders 


CARDIAC EFFECTS OF NICOTINE IN THE RABBIT WITH 
EXPERIMENTAL CORONARY ATHEROSCLEROSIS* 


Janet Travell, Seymour H. Rinzler,t Dorothy Karp} 
Department of Pharmacology, Cornell University Medical College, New York, N.Y. 


In normal and cholesterol-fed rabbits with coronary atherosclerosis, we ob- 
served cardiac effects of nicotine by electrocardiographic studies in the intact 
animal and by coronary perfusion of the isolated heart.1_ The purpose of the 
investigation was to determine whether atherosclerotic and normal isolated 
hearts respond differently to nicotine as they do to ergonovine.? 


METHODS 


Groups of male Dutch rabbits about 2 kg. in weight were started contem- 
poraneously either on a stock diet or on the stock diet to which 2 per cent cho- 
lesterol, or 2 per cent cholesterol in 6 per cent corn oil, had been added.* Serial 
electrocardiographic ergonovine tests*:*:> were performed at monthly intervals 
to insure that coronary atherosclerosis had developed at the time of coronary 
perfusion with nicotine. After intravenous ergonovine maleate (0.05 mg./kg.), 
positivity of the test is indicated by sagging depression of the S-T segment in 
about 3 to 5 min. 

Electrocardiographic effects. In 16 such ergonovine-positive cholesterol-fed 
rabbits, nicotine was injected intravenously in a dose of 0.05 mg./kg., and the 
electrocardiogram followed for 30 min. Electrocardiographic effects of nico- 
tine were similarly observed in 12 control rabbits fed the stock diet. Intra- 
venous pentobarbital sodium§ in a dose of 10 to 15 mg./kg. was adequate to 
keep the animal quiet for electrocardiography if it was not disturbed during 
this period of observation. For stabilization of heart rate and blood pressure, 
at least 20 min. was allowed to elapse between intravenous injections of pento- 
barbital and nicotine. 

Perfusion studies. Langendorff coronary perfusion was carried out on 16 
ergonovine-positive atherosclerotic and 14 normal isolated hearts. The heart 
was removed for perfusion under anesthesia with pentobarbital sodium, 15 to 
20 mg./kg., intravenously. Single injections of drugs in a volume of 2 cc. 
were made into the perfusion system to simulate the peak concentration of 
an intravenous injection in the intact animal. Observations were made for 4 
min. afterward, or longer if the effects lasted longer. The modified apparatus 
and method have been described in detail.* 


* The work described in this paper was supported in part by research grants from the 


poh Dey Research Committee and the Josiah Macy, Jr., Foundation, both of New 
ork, N. Y. 


} Present address: Department of Medicine, The New York Hospital-Cornell Medical 
Center, New York, N 


t Present address: Departments of Psychiatry and Pharmacology, Baylor Universit 
Texas Medical Center, Houston, Texas. oa ae 3 


§ Nembutal Sodium Veterinary, Abbott Laboratories, North Chicago, Ill. 
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Graded doses of nicotine from 0.01 to 0.1 mg. were injected as the bitartrate 
in a solution freshly prepared from ampoules of aqueous nicotine bitartrate with- 
out preservative.* Duplicate tests at each dosage level were done on every 
heart. Other drugs injected were norepinephrine, ergonovine maleate, nitro- 
glycerin, and purified arginine-vasopressin, free of oxytocin, supplied by Vincent 
du Vigneaud.* Control injections of Ringer-Locke solution were made in every 
experiment. 

Pathological studies. Hearts were sectioned at two levels, stained with he- 
matoxylin and eosin, Masson or Weigert and oil-red-O stains, and examined 


Figure 1. Old myocardial infarct and adjacent occluded coronary artery (Masson stain) 
Rabbit 18 weeks on cholesterol diet. 


microscopically. Other cholesterol-fed rabbits were studied for pathological 
changes, without incidental experimental procedures. 


RESULTS 


Cardiac Pathology 


Subintimal coronary atherosclerosis was marked in all the ergonovine-posi- 
tive cholesterol-fed rabbits, whereas it was absent in control animals. Typical 
pathological changes are illustrated in FIGURES be, and 3. Old myocardial 
infarcts and completely occluded small intramural arteries were occasionally 
seen (FIGURE 1), although the majority of affected arteries were only partially 
_ occluded by the subintimal plaques (FIGURE 2). The subintimal elastic mem- 


* Brewer & Co., Worcester, Mass. 


292 Annals New York Academy of Sciences 


brane showed disintegration at the point where foam cells collected and at the 
margins of plaques that encroached on the lumen (FIGURE 3). The larger 
branches of the coronary tree rarely showed lesions that encroached on the 
lumen. + ait 

Correlation of pathologic changes in the heart with positivity of the ergono- 
vine test in the cholesterol-fed rabbits used in this and other studies**» is 
shown in TABLE 1. Of 75 animals with a positive ergonovine test, all hearts 
showed subintimal coronary atherosclerosis on microscopic examination ; thus 
there were no false-positive tests. On the other hand, of 58 animals with ad- 


Ficure 2. Typical subintimal coronary atherosclerosis of (a) completely occluded and 


(6) still patent small intramural artery of the cholesterol-fed ergonovine-positive rabbit shown 
in FIGURE 1 (Masson stain). 


vanced coronary atherosclerosis at post-mortem, 26 per cent showed a false- 
negative result of the final ergonovine test within a few days of sacrifice. The 
ergonovine test was negative in all control rabbits and microscopic examination 


of the heart revealed normal coronary vessels; thus, there were also no false- 
positive tests in this group. 


Electrocardiographic Effects in the Intact Animal 


The small intravenous dose of nicotine caused transient depression of the 
S-T segment in 2 of the 16 cholesterol-fed ergonovine-positive rabbits, but in 
none of the 12 normal controls (raBLE 2). In both animals, S-T segment de- 
pression was more marked after erognovine than after nicotine. FicurEe 4 
shows electrocardiographic records for one of the 2 rabbits with S-T segment 
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_Ficure 3. Progressive disintegration of subintimal elastic membrane with enlarging 
atherosclerotic lesions (at arrows) in intramural coronary arteries (Weigert stain). Breaks in 
elastic membrane appear at (a) a few subintimal foam cells, at (4) a larger collection of foam 
cells, and at (c) margins of plaques that encroach on the lumen. 
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depression after nicotine, and compares this effect with that observed in the 
ergonovine test on the preceding day. There was no acceleration of the heart 
rate to disturb the electrocardiographic interpretation at 3 to 6 min. after in- 
jection when the S-T changes were most marked. Depression of the S-T seg- 
ment had diminished at 20 min., and had disappeared at 30 min. after injec- 
tion. 

TABLE 1 


CORRELATION OF Positivity OF FINAL ERGONOVINE TEST WITH SUBINTIMAL CHANGES 
IN THE CORONARY ARTERIES OF 107 CHOLESTEROL-FED RABBITS 


Final ergonovine test 
Pathologic changes in Weeks on diet 
coronary arteries (av. Total Positive 
(No.) (%) 
None 8.0 32 0 
Foam cells 9.6 17 18 
Plaques* 16.7 58 74 


* With encroachment on lumen. 


TABLE 2 


INFLUENCE OF INTRAVENOUS NICOTINE BITARTRATE ON THE S-T SEGMENT 
OF THE ELECTROCARDIOGRAM 


S-T segment depression 


Nicotine dose Coronary Total tests 
(mg./kg.) arteries (No.) > a 
(No.) (%) 
Rabbi Normal 12 0 0.0 
abbit 0.05 Atherosclerotic 16 2 1225 
Man* Normal 16 0 0.0 
ie pnd Atherosclerotic 24 3 12.5 


* Boyle ef al.5 gave a total dose of 2 mg. nicotine bitartrate (0.6 mg. of nicotin iE 
calculating the dose per kg., we took the average body weight as 60 kg. : ec” 


Drug _ Control Minutes after intravenous injection 
0.05 mg. /kg. tracing 3 20 mT eee 
i |e 


Ergonovine 


Nicotine 


Ficure 4. Comparison of electrocardio hi i 

f . Com] graphic changes (lead 2) after intravenous ergo- 
novine and nicotine in cholesterol-fed rabbit with positive ergonovine test. Control heart ae 
before ergonovine is 312, and before nicotine 305 beats/min. (Sanborn twin-beam electro- 


viens Het ee speed 75 mm./sec.). Nembutal anesthesia, 15 mg./kg. intravenously, was 
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Discussion. After intravenous nicotine the incidence of electrocardiographic 
changes characteristic of coronary insufficiency in these 16 intact rabbits with 
coronary atherosclerosis, as shown by a prior positive ergonovine test and sub- 
sequent pathologic examination, was 12.5 per cent. The dose of nicotine (0.05 
mg./kg.) was of the same order as that employed by Boyle et al.® intravenously 
in man (about 0.01 mg./kg.), and these investigators found the incidence of 
significant electrocardiographic changes was likewise 12.5 per cent in the 24 
subjects with coronary heart disease (TABLE 2), 

Significance changes in the S-T segment after these small doses of nicotine 
were not observed in normal groups of either human subjects or rabbits (TABLE 
2), or in dogs.” Von Ahn,’ using larger and even fatal doses (1 to 20 mg./kg.) 
of nicotine intravenously in the intact normal rabbit, likewise did not observe 
significant changes in the configuration of the electrocardiogram. 

Boyle et al. concluded that in patients with coronary artery disease the in- 
travenous injection of nicotine may induce a transient state of coronary insuffi- 
ciency, and our experiments on normal and atherosclerotic intact rabbits are 
in harmony with this hypothesis. The data yield no information, however, as 
to the mechanism or site of action of nicotine in producing such electrocardio- 
graphic changes. Von Ahn’ reviewed the variable and conflicting effects of nico- 
tine on coronary flow reported for the isolated heart, heart-lung preparation, 
and intact animal, and suggested that late coronary constriction after intra- 
venous injection in acute experiments might depend on the release of vasopressin 
into the circulation, secondary to posterior pituitary stimulation by nicotine. 


Effects in the Perfused Isolated Heart 


Average effects of graded doses (0.01 to 0.1 mg.) of nicotine on coronary flow, 
ventricular rate, and contractile amplitude in identical experiments on 6 normal 
and 7 atherosclerotic hearts are expressed in absolute values in FIGURE 5 and 
in per cent of the control value in TABLE 3. In FIGURE 6 the same experiments 
are graphed to show the variability in responsiveness of individual hearts to 
nicotine with respect to coronary flow. As we have reported,? the average 
basal coronary flow before drugs was higher, the amplitude of contraction was 
smaller, and the heart rate was slower in the atherosclerotic than in the normal 
isolated rabbit heart (FIGURE 5). Qualitatively, the effects of nicotine on heart 
rate and amplitude were the same for both groups, although the positive ino- 
tropic effect and acceleration of rate were quantitatively somewhat less in the 
atherosclerotic hearts. Coronary flow, after an initial reduction, showed a 
secondary increase in the normal hearts that was absent in these particular 
atherosclerotic hearts. However, a low incidence of secondary coronary vaso- 
dilatation was noted in additional experiments on 9 atherosclerotic hearts in 
which the same graded doses of nicotine were injected, but in which not every 
dose was given to each heart. The results for the total series with respect to rate 
of coronary flow are shown in TABLE 4. For doses of 0.025 and 0.05 mg. of 
nicotine, 18 of 38 injections (47 per cent) in the normal hearts showed a second- 
ary increase in flow, whereas in the atherosclerotic hearts only 1 of 46 injections 
(2 per cent) showed such a rise. In the 16 atherosclerotic hearts, 0.1 mg. of 
nicotine had the same incidence of secondary flow increase as 0.01 mg. had in 
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FicuRE 5. Cardiac effects of nicotine in normal and atherosclerotic hearts. Averages are 
shown for control injections of Ringer-Locke solution (2 ml.) and graded doses of nicotine 
injected in 2 cc. into the perfusion system close to the heart. 
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Figure 6. Coronary flow in individual rabbit hearts after nicotine and Ringer-Locke 
solution. The average of duplicate tests with each dose is charted. All decreases in flow (be- 
low baseline) occurred immediately after injection, and increases in flow (above baseline) oc- 
curred secondarily. At each dosage, the first bar represents the least responsive heart, the 


second bar the next in responsiveness, and so forth to the last bar, which shows the most re- 
sponsive heart. 
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COMPARISON OF NICOTINE AND 
HEART RATE, AND ContRACT 


TABLE 3 


NOREPINEPHRINE EFFECTS Co) 
ILE AMPLITUDE IN PERFUSE 
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N Coronary Ftow, 
D Rassir Hearts 


Coronary flo Heart rat Amplitud 
ae Dis dSse (% change) (change) CRS 
oo Nicotine 1 

(mg.) early late early late early late 
0 (R-L)* —2.2+ 2.8 =—2.3°-— 0:3) '—1.8-” 0/8 
0.01 be Oo T Tl = 2d te of —9.Z3+ 0.6 
Normal (6) 0.025 S185 oe ISH 21.64 13.0 | 22s 95> 
0.05 —36.5 + 16.8 16.8 | 1 ia4rsey 5608 
0.1 —56.7 + 10.0 URS) Se 4400 || 0eC) ao apo) 
0 (R-L) —3.6+ 0.6 —2.3 + 0:4/-3.4+4 0.1 
: 0.01 —14.0+ 0.4 lout deo: | On 0.0 
Atherosclerotic (7) | 9’ q95 —10.6 4+ 0.6| =3.2 4+ 1.6(-344 103 
0.5 —26.1 + 0.4 —2.9 + 28.1 0.0+ 40.8 
0.1 —24.1 + 2.0 —1.34+ 31.4 0.0 + 132.2 

Norepinephrine 
(ug.) 

0 (R-L) —5.6 0.0 Osh se OR thas oS 
Normal (4) 120 —55.7 + 27.7 0.0 + 38.4 | —6.8 + 146.1 
2-5 —40.0 + 24.7 | —17.8 + 13.9 0.0 + 101.5 
10 —60.0 + 27.6 | —11.9 + 20.4 0.0 + 99.8 
0 (R-L) —2.6+ 4.9 Se Wier PE Gps | oO) 5 
Atherosclerotic (5) 0.5 Old 8.3) 223 | —2.5 4 64 
1.0 —23.6 + 3.3 =$.4 4 2.6) —2.5 — 20:6 
2-4 —56.6 + 3.2 —4.1 + 8.7 | —7.4 + 58.4 


* Control injections of 2 cc. of Ringer-Locke solution. 4 
{ Italic figures differ by more than 5 per cent (confidence limit) of the control value. 


TABLE 4 


INCIDENCE OF SECONDARY RISE IN CORONARY FLow AFTER NICOTINE 


14 Normal hearts 16 Atherosclerotic hearts 
Dose of nicotine Secondary rise in flow* Secondary risein flow* 
(mg./kg.) Total injections Total injections 
(No.) (No.) 
(No.) (%) (No.) (%) 

None 37 Ds 5.4 38 1 2.6 
(R-Locke) 

01 17 3 Ved, 21 0 0 
3 25 20 10 47.6 27 0 0 
0.05 17 Sree 19 1 5.0 
0.1 13 heel A0°% 18 3 16.7 
All doses 68 25 36.8 . 85 4 4.1 


* An increase greater than 10 per cent of control flow. 
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the 14 normals, namely, 3 of 18 injections (16.7 per cent) and 3 of 17 injections 
(17.7 per cent), respectively. Thus, it required 10 times as much nicotine in the 
atherosclerotic as in the normal heart to produce the same qualitative effect on 
coronary flow. 

In 3 atherosclerotic hearts (FIGURE 7), the effects on coronary flow of graded 
doses of nicotine were compared with those of ceiling doses of ergonovine,’ vaso- 
pressin, and nitroglycerin given in this sequence. Although hearts differed 
widely in their general responsiveness to these drugs, in every instance vaso- 
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Ficure 7. Coronary flow in identical experiments on three atherosclerotic hearts. The 
averages of duplicate tests are charted for Ringer-Locke solution, nicotine, and ergonovine 
but only the effects of a single dose in the case of vasopressin and nitroglycerin. : 


pressin was the most potent coronary vasoconstrictor agent and, after this 
ergonovine. Nitroglycerin increased coronary flow, although all doses of nico 
tine had failed to cause secondary coronary vasodilatation in these athero- 
sclerotic hearts. 

After the graded doses of nicotine, norepinephrine was injected in doses of 
from 1 to 10 yg. in 4 of the normal hearts and 0.5 to 4 ug. in 5 of the atherosclero- 
tic hearts as shown in TABLE 3. Qualitatively, norepinephrine reproduced the ef- 
fects of nicotine in both normal and atherosclerotic hearts. In only one respect 
was there a difference, and that was not statistically significant; in the normal 
hearts the larger doses of norepinephrine caused a slight initial slowing of heart 
rate, whereas acceleration was the only change observed after nicotine. 

Discussion. Prior to the start of this investigation,! studies on the direct 
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action of nicotine on the heart in animals had been carried out only on normals, 
with one exception: Bellet ef al.7 had produced myocardial infarction acutely 
in dogs by ligating a coronary artery. They have since developed a technique, 
described elsewhere in this monograph, for inducing chronic coronary insuffi- 
ciency and myocardial damage more gradually by placing a slowly contracting 
casein ring on one of the main coronary branches. However, the end result 
thus achieved does not reproduce the intimal atherosclerosis of the intramural 
coronary tree that is usually noted in clinical coronary artery disease and in ex- 
perimental atherosclerosis of the cholesterol-fed rabbit. 

A further similarity of the cholesterol-fed rabbit with advanced coronary 
atherosclerosis to the human subject with the effort angina of coronary insuf- 
ficiency, but a normal electrocardiogram, is the incidence of positivity of the 
ergonovine test, namely, 74 per cent and 82 per cent! respectively. Wenzel! 
has also found the ergonovine test useful in detecting coronary atherosclerosis 
in the living cholesterol-fed rabbit, as reported elsewhere in this publication; 
pathological changes in these arteries develop considerably later than in the 
aorta and weeks after the peak rise in the serum cholesterol.5:!! 

As cited by Bellet e¢ al. in this monograph and by others,”:™ reported dis- 
crepancies in the effect of nitroglycerin on coronary flow may depend in part 
on the presence or absence of fixed constriction or obstruction of the main coro- 
nary branches, because it is the large coronary arteries, rather than the termi- 
nal arterial bed, which receive the major impact of ventricular systole and thus 
largely limit the capacity of the coronary flow to increase.*"* Certainly, in the 
atherosclerotic isolated rabbit heart that failed to show a secondary increase in 
coronary flow after nicotine (FIGURE 7), the dilator response to nitroglycerin 
was impressive. 

Cardiac effects of nicotine on the isolated hearts of these ergonovine-positive 
cholesterol-fed rabbits with coronary intimal atherosclerosis differed from those 
on normal hearts. All differences were quantitative, rather than qualitative. 
The threshold dose of nicotine that caused an increase in contractile amplitude 
was similar for both groups, but the absolute increase in amplitude was less 
for the atherosclerotic hearts. It required twice as much nicotine to produce 
significant acceleration of heart rate in the diseased as in the healthy heart. 
With respect to coronary flow, in normal hearts there was quite uniformly an 
immediate decrease in flow followed in many instances by a secondary increase, 
whereas in the atherosclerotic hearts a secondary rise in flow after the initial 
reduction was not observed at the lower dosages. It required ten times as 
much nicotine in the diseased heart to produce the same incidence of secondary 
flow increases as in the normals, although the coronary dilator response to 
nitroglycerin was unimpaired. 

Although it is well known that nicotine usually increases coronary flow in 
normal animals, there is a dearth of studies that compare the effects of nicotine 
in normal and atherosclerotic hearts. Bellet et a/., elsewhere in these pages, 
found that the dog with chronic myocardial damage and coronary insufficiency 
due to progressive constriction of a main coronary artery did not show increased 
coronary flow following nicotine, as did the dog not operated upon; however, 
the capacity for the coronary flow to increase after nitroglycerin was also lost. 
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Since it had been shown that in the isolated heart the cardiac accelerator and 
positive inotropic actions of nicotine are largely mediated by the release of 
catecholamines,!>:!6 mainly norepinephrine,” as Burn reports in this monograph, 
and since it was also known that the intracradiac stores of norepinephrine are 
depleted in the diseased heart,!8 we compared the cardiac effects of nicotine 
and norepinephrine in the same normal and atherosclerotic isolated hearts. 
With respect to all three parameters, qualitatively the cardiac effects of these 
two drugs were indistinguishable in each group. About 10 ug. of nicotine and 
1 wg. of norepinephrine were equivalent. Even the initial reduction in con- 
tractile amplitude with the smallest dose of nicotine in normal and atheroscle- 
rotic hearts, which might well be considered due to direct stimulation of vagal 
ganglia, was observed after the smallest doses of norepinephrine in both groups. 
These findings are in harmony with those of West ef al.!® in the normal dog, who 
found that small doses of nicotine produced only a diminution in myocardial 
contractility; increases in coronary flow and myocardial contractility seen with 
larger doses of nicotine were qualitatively similar to those after epinephrine and 
norepinephrine, and were blocked by tetraethylammonium. 

There is little doubt that in the isolated heart the effects of nicotine are medi- 
ated by stored adrenergic amines, especially norepinephrine, and that differ- 
ences in the response of the normal and atherosclerotic isolated heart to nicotine 
depend on depletion of these intracardiac stores. Since acetylcholine in the 
atropinized isolated normal heart causes a release of norepinephrine”? some cho- 
linergic excitatory effects of nicotine on the heart may depend ultimately on 
local stores of this catecholamine. It has even been suggested” that, in the 
reserpinized isolated heart, nicotine (0.5 mg.) may be injected to assess the 
degree of catecholamine depletion. 


CONCLUSIONS 


In the isolated heart of the cholesterol-fed rabbit with coronary intimal 
atherosclerosis and a positive ergonovine test, effects of nicotine differed quan- 
titatively from those in normal hearts. Rate of coronary flow in normals first 
decreased and then frequently increased; it required ten times as much nicotine 
in the atherosclerotic heart to induce an equivalent incidence of secondary flow 
increases. Acceleration of heart rate required about twice as much nicotine 
in the atherosclerotic as in the normal heart. Contractile amplitude increased 
with the same threshold dose of nicotine in both groups, but to a lesser extent 
in the atherosclerotic heart. 

Norepinephrine reproduced all the cardiac effects of nicotine when injected 
in the same normal and atherosclerotic hearts. Roughly, 1 ug. of norepineph- 
rine was equivalent to 10 ug. of nicotine. 

Nitroglycerin increased coronary flow in atherosclerotic hearts when nicotine 
had failed to do so. 

Vasopressin (free of oxytocin) and ergonovine decreased coronary flow to a 
greater extent than did nicotine in the same atherosclerotic hearts. 


REFERENCES 


1, TRAVELL, J., D. Karp & S. H. Rinzter. 1957. Nicotine effect = 
sclerotic rabbit hearts. Federation Proc. 16: 341. Ree RE ae ate 


16. 


die 
18. 
19. 
20. 
21, 


Travell e¢ al.: Cardiac Effect of Nicotine in Rabbits 301 


- Karp, D., J. Travett & S. H. Rinzier. 1956. Ergonovine and vasopression effects 


on the isolated heart of the rabbit with coronary atherosclerosis. XXth Internat. 
Physiol. Congr. Brussels, (Abstr. of Communication). : 482. 


. Karp, D., S. H. Rinzter & J. TRAVELL. 1960. Effects of ergometrine (ergonovine) 


on the isolated atherosclerotic heart of the cholesterol-fed rabbit. Brit. J. Pharmacol. 


f Rrvzrer, S. H., J. TRavett & D. Karp. 1955. Detection of coronary atherosclerosis 


in living animal by the ergonovine stress test. Science. 121: 900. 


- Ruvzter, S. H., J. TRavett, D. Karp & D. CHARLESON. 1956. Detection of coronary 


emai in the living rabbit by the ergonovine stress test. Am. J. Physiol. 184: 
60 


: Boyte, M.N., R. Weerta, R. T. Catucart, J. L. Nickerson & R. L. Levy. 1947, 


Effects of intravenous injection of nicotine on the circulation. Am. Heart J. 34: 65. 


. BELtet, S., A. Kersupaum, R. H. MEADE, Jr. & L. Scuwartz. 1941. The effects of 


tobacco smoke and nicotine on the normal heart and in the presence of myocardial 
damage produced by coronary ligation. Am. J. Med. Sci. 201: 40. 


- VON AHN, B. 1952. The acute effect of nicotine recorded in electrocardiograms in rab- 


bits. Cardiologia. 20: 289. 


- Rinzrer, S. H. 1957. The Clinical Aspects of Arteriosclerosis, Thomas. Springfield, 
Til. 


. STEIN, I, S. H. Rrnzier, H. Baxst, J. WEINSTEIN, R. GITTLER & J. TRAVELL. 1954, 


Cardiac pain in man: Blocking effect of ethyl choloride spray on the angina of ergono- 
vine. Bull. N. Y. Acad. Med. 30: 318. 


. WENZEL, D. G., J. A. Turner & D. Kissm. 1959. Effect of nicotine on cholesterol- 


induced atherosclerosis in the rabbit. Circulation Research. 7: 256. 


- BRAcHFELD, N., J. Bozer & R. Gorin. 1959. Action of nitroglycerin on the coronary 


circulation in normal and in mild cardiac subjects. Circulation. 19: 697, 


. Gorin, R., N. BracHFetp, C. MacLEop & P. Bopp. 1959. Effect of nitroglycerin 


on the coronary circulation in patients with coronary artery disease or increased left 
ventricular work. Circulation. 19: 705. 


- Ducum, J. B. & W. B. Rospertson. 1957. Mechanical factors in atherosclerosis. 


Lancet. 1: 1205. 


. HorrMann, F., E. J. HorrMann, S. MippLeton & J. Tatesnik. 1945. The stimulating 


effect of acetylcholine on the mammalian heart and the liberation of an epinephrinelike 
substance by the isolated heart. Am. J. Physiol. 144: 189. 4 

SCHMITTHENNER, J. E., I. Forte, C. Rrecet & J. HAFKENSCHIEL. 1956. Nicotine: 
effects of intravenous infusions on coronary flow, cardiac oxygen and carbohydrate 
consumption and left ventricular work. Am. J. Physiol. 187: 630. , 

Burn, J. H. & M. J. Rann. 1958. Action of nicotine on the heart. Brit. Med. die 
eye 

Raas, W. & W. GicEE. 1955. Norepinephrine and epinephrine content of normal and 
diseased human hearts. Circulation. 11: 593. : 

West, J. W., S. V. Guzman & S. Better. 1956. Cardiac effects of intracoronary ar- 
terial injections of nicotine. Circulation. 14: 1017. ; ; 

Ricwarpson, J. A. & E. F. Woops. 1959, Release of norepinephrine from the isolated 
heart. Proc. Soc. Exptl. Biol. Med. 100: 149. , : : 

Metvitte, K. I. 1959. Coronary flow and heart action responses following depletion 
of catecholamines by reserpine. Im International Symposium on the Catecholamines in 
Cardiovascular Pathology, held at the Univ. of Vermont, Burlington, Aug. 23-26. 
Abstr. of Communication. : 13 


THE CHRONIC EFFECTS OF ORALLY ADMINISTERED NICOTINE 
IN CHOLESTEROL-FED RABBITS* 


Duane G. Wenzel, Jasbir Singh Kamal, James A. Turner 


School of Pharmacy, The University of Kansas, Lawrence, Kans., and Veterans 
Administration Hospital, Kansas City, Mo. 


The detrimental effects of nicotine on conditions such as Raynaud’s syn- 
drome and peripheral arteriosclerosis are apparently related to its vasoconstric- 
tive action. In thromboangiitis obliterans, however, the vasoconstriction 
produced by nicotine is apparently not the principal adverse effect. Similarly 
the available evidence concerning the effect of nicotine on the myocardium 
does not adequately account for the apparent statistical relationship between 
smoking and the occurrence of coronary artery disease.? Attempts to deter- 
mine directly the chronic cardiovascular toxicity of nicotine with rats and mice 
have generally been inconclusive.’ If the relationship of nicotine to these 
diseases is real, and at least in the case of thromboangiitis obliterans this is 
true, then its effects must be either more subtle than are likely to be detected 
by the usual pathological studies with otherwise normal animals, or are the 
result of an interaction with a concomitant condition. In view of the nature 
of atherosclerosis and its potential role in the diseases mentioned, it was decided 
to study the cardiovascular effects of nicotine in the presence of an atherogenic 
stimulus. 

Our initial approach to the problem was to examine the effect of oral nicotine 
administration upon the serum cholesterol and phospholipid levels of rabbits 
fed a minimal (0.1 per cent) cholesterol diet. It was found that the daily 
administration of 2.28 mg./kg. of nicotine to these animals over a 20-week 
period resulted in significant increases in both plasma cholesterol and phospho- 
lipid. Subsequently rabbits were also treated with a more intensive athero- 
genic stimulus consisting of a 1 per cent cholesterol and 5 per cent oil diet. 
This was combined with the administration of several dose levels of nicotine.® 
The addition of nicotine to the cholesterol regimen resulted in greater mortality, 
marked peripheral vascular changes, and electrocardiographic and pathologic 
evidence of cardiac involvement. The following report describes an attempt 
to determine the basis for the observed changes. 


Experimental 


Female albino New Zealand rabbits eight weeks of age and weighing between 
2.8 to 3.5 kg. were used in this study. Four groups of 12 animals per group 
were treated for 24 weeks with the following regimens. Group 1, the untreated 
control, was fed Purina Rabbit Chow Checkers and water ad libitum. Group 
2 received the control treatment plus 1.14 mg./kg./day of nicotine alkaloid in 
the drinking water. Group 3 was treated by the incorporation of 1 per cent 
cholesterol and 5 per cent cottonseed oil in the food. Group 4 had the com- 
bined treatments of groups 2 and 3. Systolic blood pressure, measured with a 
Grant ear capsule,* was obtained at the onset of the experimental period and at 


* The work described in this article was supported in part b 
Tobacco Industry Research Committee, New aed N. vy EP gel die dk og 
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four-week-intervals thereafter. The thermal circulation index (TCI), a con- 


venient evaluation of peripheral circulation, was calculated from the following 
formula: 


_ skin temperature — room temperature 
rectal temperature — skin temperature’ 


_ Temperatures were obtained with thermistor probes and the TCI values deter- 
mined at four-week-intervals. The temperature of the skin was measured on 
the shaved dorsal surface of the lower leg. Coagulation times of the blood 
(CT) were determined by the capillary method, and were obtained at the initia- 
tion of the treatment and at four-week-intervals beginning with the twelfth 
week. 


Results 


In a previous study® it had been observed that rabbits receiving a hyper- 
cholesterolemic diet developed marked lesions of the feet and lower legs. This 
effect was observed to occur earlier in the course of treatment and with greater 
severity in those animals that received nicotine in addition to the hypercholes- 
terolemic diet. As nicotine had been reported by others’ to reduce peripheral 
skin temperature, it was decided to determine whether the development of the 
peripheral lesions could be related to the thermal circulation index. The index 
provided a satisfactory method for the determination of peripheral circulation, 
especially in chronic studies such as ours in which thermal lag was not an 
important factor. 

From FIGURE 1 it is apparent that the administration of nicotine alone or in 
combination with cholesterol resulted in a continual reduction in the mean 
thermal circulation indices during the entire 24 weeks of treatment. The 
differences between the mean 20-week values of either of the nicotine-treated 
groups and of their original (zero time) values were significant (P < 0.001) 
when subjected to an analysis of variance.? Similarly, the differences between 
either of the nicotine groups and the control values at the 20-week period were 
also significant (0.01 < P < 0.05). Twenty- rather than 24-week values were 
employed because of the high mortality in the cholesterol-treated groups during 
the terminal period of the experiment. While the peripheral lesions were once 
again observed to occur earlier and to be of greater severity in the nicotine- 
cholesterol group than in the group receiving the hypercholesterolemic diet 
alone, there was no significant difference between the mean TCI values of these 
groups. In other words, if the observed peripheral interaction of nicotine and 
hypercholesterolemic regimens was related toa decrease in vascularity, this 
was not apparent from the thermal circulation indices. 

It may be seen from FIGURE 2 that the mean systolic blood pressures of all 
groups increased throughout the entire experimental period. The differences 
between the mean values of the 0- and 24-week periods were significant for the 
control (P < 0.005) as well as for all other groups (P cd 0.001). At the 20- 
week period the mean systolic pressures of all groups differed significantly from 

‘one another (0.001 < P < 0.025), except for the differences between the nicotine 
and cholesterol groups and the control and cholesterol groups; these values were 
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not significant. From this information, it is apparent that nicotine, in addition 
to causing anticipated transient changes i in blood pressure, induced a chronic 
cumulative rise in the systolic pressure of rabbits. Furthermore, the combined 
effect of nicotine administration and a hypercholesterolemic diet resulted in a 
pressor interaction that may partially explain the increased morbidity and 
mortality resulting from the combination. 

The time-related changes in blood coagulation rate, as illustrated in FIGURE 
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Ficure 1. Mean thermal circulation indices. 
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3, indicate that not only does the coagulation time significantly decrease (Pr< 
0.01) with age, but that all experimental regimens induced highly significant 
(0.001 < P < 0.005) reductions in the time of coagulation. Furthermore, 
while all treated groups had greater reductions in the coagulation time at the 
20-week period than did the control (0.001 < P < 0.05), there were no differ- 
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ences between the treated groups at this time. It may therefore be concluded 
that under the conditions of this test an interaction between nicotine and the 
hypercholesterolemic diet upon coagulation time was not apparent. 


Discussion 


From the preceding observations it may be concluded that the chronic 
administration of nicotine to rabbits, either alone or in combination with a 
hypercholesterolemic diet, induced hematovascular changes of a spree. 
frequently associated with cardiovascular pathology. The eievation of the 
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systolic pressure, reduction of coagulation time, and lowering of the thermal 
circulation index by nicotine were continuous throughout the 24-week period. 
Whether any of these effects would have regressed following cessation of the 
experimental regimens remains to be determined. It seems probable that the 
changes in coagulation times and the thermal circulation indices were transient 
effects depending upon the continuation of the treatment. If permanent 
alterations in the responding system did not occur, the increasing effects with 
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regard to time must reflect either an age-related increase in sensitivity or a 
cumulative response. 

Evidence of an interaction between the nicotine and cholesterol regimens was 
definite only for the pressor effect. There was no evidence to indicate that 
the hypercholesterolemic diet decreased the thermal circulation index when 
administered alone or that it increased the action of nicotine. Inasmuch as 
both nicotine and the hypercholesterolemic diet resulted in approximately equal 
reductions in the coagulation time, it is possible that each of these treatments 
may have individually induced a maximum decrease in the coagulation time 
which was not further affected by the presence of the other. 
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THE CARDIOVASCULAR EFFECTS OF SMOKING WITH SPECIAL 
REFERENCE TO HYPERTENSION 
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Tobacco long has been suspected of being an etiologic factor in cardiovascular 
disease, and different types of investigations have been carried out to prove or 
disprove the relationship. We have been particularly interested in this prob- 
lem because of our close association with the problems of smoking in peripheral 
vascular disease and hypertension. Because the man in good health may feel 
that smoking is bad only for one who is ill, it is important to determine the 
effect of smoking on normal individuals. 

One would expect little difficulty in determining the effect of smoking tobacco 
on the circulation of normal individuals. However, all methods of measuring 
peripheral blood flow in man are indirect, and each has its own inherent error. 
Some of the confusion in the results of smoking tests has arisen because too 
little attention has been paid to certain factors concerning the status of the 
individual. The most important of these factors! are (1) the environmental 
temperature, (2) the position of the subject, particularly the extremities, (3) 
the taking of food and (4) the basal metabolic rate.2 All must be considered 
whenever measurements of peripheral blood flow are made. Our standard 
smoking test, which used the skin temperatures as a measurement of blood 
flow, took into consideration the four factors just listed and also required 
simultaneous observations of blood pressure and pulse rates. 


Standard Smoking Test 


Smoking tests were carried out on normal and other subjects at the Mayo 
Clinic in a constant-temperature room kept at 25.5° C. (78° F.) and a relative 
humidity of 40 per cent. The subjects fasted for 15 hours before each test, 
During the test they wore lightweight short pajamas and were in a supine 
position on comfortable beds. All unnecessary noise and other stimuli likely 
to cause vasoconstriction were excluded during the tests. The temperatures of 
the plantar surfaces of both the first and third toes and the volar sides of the 
distal phalanges of the first and third fingers were measured at intervals of 10 
min. with the copper-constantin thermocouples designed by Sheard. The 
blood pressure, pulse rates, and basal metabolic rates were determined during 
the control period. When the skin temperature, blood pressure, and pulse 
rate were fairly well stabilized, smoking was begun. Cigarettes of different 
brands bought on the open market were used. The subjects smoked two 


* Present address: Lovelace Clinic, Albuquerque, N. M 


_{ The Mayo Foundation is a part of the Graduate School of the University of Minnesota 
Minneapolis, Minn. : 


308 


Roth & Shick: Cardiovascular Effects and Hypertension 309 


cigarettes in succession until two thirds of each had been smoked. They in- 
haled the tobacco smoke with the depth and frequency to which they were 
accustomed. The blood pressure, pulse rate, and skin temperature were deter- 
mined simultaneously at intervals of 1. min. during the smoking, which generally 
lasted 12 to 16 min., and for 30 to 60 min. after smoking had ceased. 


The Effect on the Normal Subject 


In order to determine whether the results of smoking tests made on the same 
individual from day to day are consistent, and whether habitual smokers be- 


Time in minutes 


Ficure 1. Effects of smoking two standard cigarettes on blood pressure, pulse rate, and 
skin temperature of three normal subjects with various basal metabolic rates. 


come so tolerant to tobacco that they do not respond to smoking by vascular 
or physiologic change, six normal subjects who were habitual smokers and in- 
haled the smoke were tested. Sixty-six standard smoking tests were carried out 
on these six subjects, four of whom were physicians and two of whom were 
women technicians. Their ages ranged from 21 to 44 years, and the basal 
metabolic rates ranged from —17 to +1 per cent. 
As controls, cigarettes of corn silk were smoked. The smoking of cigarettes 
of corn silk caused little or no change in skin temperature, blood pressure, pulse 
rate, and electrocardiographic tracings. . | <- 
During the smoking of two standard cigarettes the skin temperature of t e 
extremities of all of the subjects decreased an average of 2.5" C. (4.5° F.) wit 
a range from 1.2° to 6.5° C. (FIGURE 1). During smoking of the two standard 
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cigarettes the average increase of blood pressure was 20 mm. of mercury sys- 
tolic and 14 mm. diastolic. The pulse rate increased an average of 36 beats/ 
min., the increase ranging from 20 to 52 beats. The electrocardiographic 
changes consisted of increased heart rate, decreased amplitude of T waves, 
and even inverted T waves in one subject. 

After smoking ceased, the blood pressure, pulse rate, and the electrocardio- 
gram returned to normal within 5 to 15 min. However, the peripheral vascular 
constriction indicated by the decrease of skin temperatures of the extremities 
persisted 30 to 60 min., and in some cases much longer. 

The skin temperature of the fingers and toes of subjects with variable basal 
metabolic rates generally decreases not more than an average of 2.5° to 3° C. 
during the smoking of two standard cigarettes. These 66 standard smoking 
tests on six subjects showed that the response of the skin temperature of the 
same individual varied from day to day according to the basal metabolic rate. 
Thus it was necessary to determine the basal metabolic rate and skin tempera- 
ture for each study. Increases in blood pressure and pulse rate during smoking 
varied little from day to day. 

Habitual smokers did not show tolerance to the effect of smoking as the skin 
temperature of the extremities decreased and blood pressure and pulse rate 
increased during smoking of two standard cigarettes. The decrease of the skin 
temperature was not related to the length of time the subject had been a 
smoker or the number of cigarettes smoked daily. 


Effect of Nicotine 


Additional testst were necessary to determine whether the vascular effects 
were due to nicotine. When an isotonic solution of sodium chloride was given 
intravenously to each subject, the skin temperatures of the extremities dropped 
slightly. When 2 mg. of nicotine was added to the solution without the sub- 
ject’s knowledge, however, the skin temperature decreased rapidly and defi- 
nitely. 

When an isotonic solution of sodium chloride was given intravenously, the 
amplitude of the T waves in the electrocardiogram was slightly increased. 
When 2 mg. of nicotine was added to the solution and given through the same 
apparatus, the increase in heart rate and the decrease in amplitude of the T 
waves were even greater than those that occurred after the subject had smoked 
two standard cigarettes. The vascular effects then seem to be due to nicotine. 

It was thought advisable to determine whether use of commercial denico- 
tinized cigarettes or cigarettes of low content of nicotine really protects the 
patient who needs to stop smoking. Accordingly, 30 smoking tests were carried 
out with various commercially available denicotinized cigarettes. The vascu- 
lar effects were similar to those of standard cigarettes. 

Since no such effect was produced by nicotine-free cigarettes, it seemed de- 
sirable to learn how much the content of nicotine in a cigarette should be de- 
creased to banish’ vascular effects. To do this, 192 standard smoking tests 
were made on 29 normal subjects who were between 20 and 36 years of age. 
Six different batches of cigarettes were used. The main-stream of the smoke 
from one cigarette of each batch contained, respectively, an average of 0.23, 
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0.55, 1.28, 1.83, 2.47, and 3 mg. of nicotine. As a control, corn-silk cigarettes 
were smoked. Basal metabolic rates were determined almost every time a 
smoking test was done. When the cigarettes were smoked, neither the subject 
nor the technician who was carrying out the test knew which cigarette was 
being used. 

When corn-silk cigarettes and the cigarettes containing 0.23 mg. of nicotine 
in the stream of smoke were smoked, the skin temperature of the toes changed 
little, if at all. The skin temperature of the fingers, however, decreased some- 
what more when the cigarettes containing 0.23 mg. of nicotine were smoked 
than when corn silk cigarettes were used. As the concentration of nicotine in 
the main-stream of cigarettes was increased, the skin temperature of both the 
fingers and toes decreased more until the effects of the standard cigarettes were 
found. 

The lower the concentrations of nicotine in the smoke, the less the blood 
pressure and pulse rate increased above the basal level. As the concentration 
of nicotine increased, both blood pressure and pulse rate increased; the increase 
was sharp when the concentration of nicotine was raised from 0.55 to 1.28 mg. 

Nicotine then has a most important role in production of the vascular changes 
that accompany smoking, and these observations explain why the same vas- 
cular effects were obtained during the smoking of standard cigarettes and 
denicotinized cigarettes. Apparently the content of nicotine in a cigarette 
must be decreased more than 60 per cent below that in a standard cigarette 
before smoking produces only slight or no vascular effects. 


Alcohol and Smoking 


Alcohol dilates the blood vessels of the extremities, but smoking constricts 
them. It seemed possible, therefore, that the oral administration of 95 per 
cent ethyl alcohol would prevent the constriction of the peripheral blood vessels 
known to be produced by the smoking of tobacco. To test this possibility, 
observations® were made on 65 normal individuals, many of whom were physi- 
cians. The ages of the six women and 59 men in this group ranged from 19 
to 59 years. The basal metabolic rates ranged from —21 to +5 per cent. 
Control smoking tests were made, and the next day the effect of smoking after 
the taking of alcohol was investigated. Both investigations could not be 
carried out on the same day because the effect of smoking for the control test 
persisted too long. 

Eighty-seven smoking tests were made to determine the effect after alcohol. 
For this test, the subject took 30 cc. of 95 per cent ethyl alcohol in 250 cc. of 
fruit juice. This amount is equivalent to 2 fluid ounces (60 cc.) of whiskey 
and is sufficient to produce definite dilatation of the peripheral blood vessels. 
The standard smoking test was carried out as soon as an increase of the skin 
temperature of the toes and fingers indicated vasodilatation. 

The blood pressure and pulse rate rose definitely on smoking after ingestion 
of alcohol in 72 per cent of the subjects, and the rise was only slightly smaller 
than that during smoking alone. The skin temperature of the fingers and toes, 
however, decreased below the basal level on smoking after ingestion of alcohol. 
The height of vasodilatation from alcohol may not be reached until 50 to 60 
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min. after ingestion of alcohol, but once reached it persists for 60 to 90 min. 
Smoking tests from 30 to 90 min. after the ingestion of alcohol demonstrated 
that the alcohol did not prevent vasoconstriction from smoking. 

This study then does not substantiate the common belief that drinking a 
cocktail nullifies the effect of smoking. 

From 425 smoking tests with tobacco or corn silk on 100 normal subjects who 
were habitual smokers, the following observations were made: (1) No tolerance 
develops to tobacco with respect to the vascular effects; (2) An elevation of 
the blood pressure and pulse rate and a decrease of the skin temperature of the 
extremities occur only on smoking tobacco; (3) Nicotine appears to be the most 
important factor in producing the vascular effects; and (4) Alcohol does not 
nullify the effect of smoking. 


Effect of Smoking on Blood Pressure 


In an earlier study with Hines® on the effect of smoking on blood pressure 
in 20 normal subjects with normal reactions to the cold pressor test, the rise 
in blood pressure during smoking was 17/8 mm. of mercury, while in 10 of 
those who were hyperreactors it was 30/17. In 56 patients with hypertension 
as determined by the cold pressor test the rise in the blood pressure was 41/23; 
in 11 nonsmokers, only 26/9. In the 10 patients with hypertension who had 
the greatest rise in blood pressure during smoking, the average rise was 47/32 
(FIGURE 2). 

In order to determine the part played by mechanical and emotional factors 
in any rise in blood pressure, a control test was made by having the subject 
go through the same procedure, except that he puffed an unlighted cigarette. 

Either the systolic or diastolic blood pressure of all the subjects tested rose 
somewhat during the smoking test. A considerable rise usually followed the 
smoking of the first cigarette and a further rise occurred after the second ciga- 
rette was smoked. The response of blood pressure to the smoking test was 
markedly similar to the response to the cold pressor test, except in the group of 
normal reactors to the cold pressor test. In this group the response of diastolic 
blood pressure to the two tests was almost identical, but the response of systolic 
blood pressure to the smoking test was greater in some cases. This may be due 
to the marked tachycardia that occurred in this group and may be caused by 
an increase in output of epinephrine, as suggested by Haggard and Greenberg.’ 
In the group of normal subjects only those who had an excessive response to the 
cold pressor test had an excessive response of the systolic and diastolic blood 
pressures to the smoking test. In all subjects the rise in blood pressure was 
much less in the control test than on the smoking test, and in some instances 
the diastolic blood pressure fell during the control test. This was considered 
evidence that the tobacco smoke was the main factor causing the rise in blood 
pressure. 

In a more recently studied group of normal subjects® the rise in blood pressure 
during smoking was 19/7 from an average basal blood pressure of 105/72. In: 
60 subjects who were hyperreactors to the cold pressor test the rise was 32/21, 
whereas in the 10 patients with hypertension the rise was 39/24; in other words, 
the blood pressure increased from the basal pressure of 198/130 to 237/154. 
From these studies the effect of smoking tobacco on the blood pressure of the 
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subjects or patients with inherently hyperactive vascular systems, as measured 
by the cold pressor test, is not due to a nonspecific stimulus Beting on a hyper- 
reactive vascular system, but is the result, at least in part, of the nicotine in 
the tobacco that produces vasoconstriction. ; 


Rise in blood pressure during smoking 


=| Basal 
KE Smoking 


215 


205 
195 


185 
CS 
165 
155 
145 


PVN 


135 


125 
115 


105 
95 
85 


l7illimeters of mercury 


US 
65 


Normal Hyperreactor Hypertension 


_Ficure 2. Effect of smoking two standard cigarettes on the blood pressure of a subject 
with normal reactions to the cold pressor test, of a hyperreactor to the test, and of a subject 
with hypertension. 


The Cause of Vasoconstriction After Smoking 


Today evidence is available to support various hypotheses on the cause of 
the vasoconstriction produced during smoking. That it might be attributed 
to stimulation of the sympathetic nervous system is demonstrated by the 
report of Rapaport ef al.° that lumbar sympathectomy abolished the peripheral 
vasoconstriction produced by smoking in the lower extremities of 19 patients. 
These authors concluded that the vasoconstriction, therefore, is mediated by 
sympathetic vasomotor fibers. 

We also found!® (F1cURE 3) no vasoconstriction, as indicated by a decrease 
in the skin temperature of the toes during smoking, if lumbar sympathectomy 
was complete, but in this situation the skin temperatures of the fingers would 
decrease. Thus after lumbar sympathectomy the intact sympathetic nervous 
system seems to function in a more than adequate manner. 
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Further work has suggested that this might be a humoral effect, and the 
studies of Burn and Grewal!! have shown that nicotine has an antidiuretic ac- 
tion, probably due to stimulation of the hypothalamus with secretion from the 
posterior lobe of the pituitary, which in turn produces vasoconstriction. 
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Ficure 3. Effect of smoking on the fin i 

gers and toes after extensive lumbar s - 
tomy. Reversal of temperatures of the fingers and toes, with no effect of eniobe atte 
temperatures of the toes but a mild decline in temperatures of the fingers, should be noted 
Reproduced by permission of Diseases of the Chest. 


Recently Burn and Grewal"! have presented evidence that the stimulant 
action of nicotine could be attributed to the release of catecholamines, while 
others suggest that smoking causes increased secretion of epinephrine and nor- 
epinephrine. 
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Schmiterléw” in 1948 showed that norepinephrine is present in the wall of 
the peripheral arteries. Haimovici!® reported from perfusion experiments in 
animals that nicotine may act directly on the blood vessels, because the vaso- 
constrictor action of nicotine occurred even after the removal of the sympathetic 
chains and of the spinal nerves. 

Similarly Burn and Rand!4 expressed the belief that in rabbits the vasocon- 
striction is due to the release of norepinephrine from the wall of the arteries. 
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Also note the insignificant change in blood sugar and plasma pressor atnthee before and during 
the same period of smoking. Reproduced by permission of Circulation. 
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They also observed that in rabbits treated with reserpine, nicotine no longer 
has a constrictor effect on the perfused vessels of the ear. Furthermore, be- 
cause of the presence of chromaffin tissue in human skin, Burn and his asso- 
ciates have suggested that thromboangiitis obliterans may be explained by a 
hypersensitivity to the action of nicotine in releasing catecholamines located 
near the blood vessels of the skin. 

On the other hand, with newer methods available, Rehder and Roth’ at- 
tempted to determine whether smoking of tobacco increased the production of 
epinephrine and norepinephrine in man and, in turn, increased the blood sugar. 
Smoking tests on 24 normal subjects were carried out under basal conditions. 
We found that the levels of the fasting blood sugar and epinephrine-like sub- 
stances of the systemic blood did not rise appreciably during and immediately 
after smoking (FIGURE 4). However a definite stimulation of the sympathetic 
nervous system occurred, as evidenced by the significant rise of the pulse rate 
and blood pressure and the decrease of the skin temperatures of the fingers 
and toes. Thus the question still remains whether the vasoconstriction sub- 
sequent to smoking and injection of nicotine is related to the amount of nico- 
tine. 
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EFFECT OF NICOTINE ON THE CORONARY BLOOD FLOW IN 
THE PRESENCE OF CORONARY INSUFFICIENCY: 
AN EXPERIMENTAL STUDY IN DOGS* 
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It has been shown that nicotine and tobacco smoke in the normal dog and 
in the human increase the coronary blood flow.!-* This is associated with an 
increase in oxygen consumption and an increase in cardiac work, which can be 
readily accomplished in the normal heart with normal coronary arteries. The 
problem that requires investigation is the determination of the effect of nico- 
tine in the presence of various types and degrees of coronary insufficiency, for 
example, in narrowing of the lumen of the coronary arteries or in the presence 
of coronary artery disease. This point would appear to be of considerable 
theoretical and practical importance because many patients over the age of 45 
or 50 years with varying degrees of coronary disease and/or coronary occlusion 
are subjected to the effects of nicotine in tobacco smoke. To meet the demand 
of increased cardiac work, the coronary blood flow must increase. However, 
there is little data available relative to the response of the coronary blood flow 
in the presence of coronary artery narrowing and/or myocardial impairment. 


Methods and Material 


The following aspects of the problem were investigated in the manner de- 
scribed below: 

(1) The effect of nicotine and tobacco smoke on the electrocardiogram of the 
normal dog was compared with that of dogs at various periods following coro- 
nary artery ligation, which corresponded with the acute, subacute, and healed 
stages of myocardial infarction and after coronary artery narrowing produced 
by casein rings. 

(2) The effect of nicotine on the coronary blood flow was determined in a 
normal control group and compared with various categories of the group with 
myocardial infarction. 

(3) The effect of varying degrees of coronary artery narrowing was studied 
by placing casein rings around the circumflex and/or anterior descending branch 
of the left coronary artery. The casein swells; within a period of 2 or 3 weeks, 
the lumen is considerably narrowed and, in some instances, almost obliterated. 
The physiological effects of coronary insufficiency thus produced in dogs re- 
sembled to a large degree the effects observed in the human subject. 

Coronary blood flow was determined by directly measuring the outflow from 
the coronary sinus and, in some experiments, by the nitrous oxide method. 
Catheterization of the coronary sinus was accomplished in the intact animal 
with a special coronary sinus catheter (modified Morawitz cannula) inserted 


* The work described in this paper was supported in part by research grants from the 
Tobacco Industry Research Committee, New York, N. Y., and from E]i Lilly & Co., Indi- 
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via the external jugular vein under fluoroscopic guidance, as previously de- 
scribed. The catheter was provided with multiple openings at the tip and an 
inflatable balloon for securing it in the coronary sinus. 

Methods of coronary blood flow measurement. One-half hour prior to the ex- 
periment the animals were given morphine sulfate (3 mg./kg.) intramuscularly 
and, at the beginning of the experiment, they were anesthetized with a com- 
bination of sodium pentothal and Dial urethane (0.25 mg./kg.), given by 
intravenous injection. One femoral artery was used for direct continuous re- 
cording of arterial blood pressures via a strain-gauge manometer connected to 
a polyviso electrocardiograph; the other was used for intermittent blood sam- 
pling. Nicotine was infused into one femoral vein; the other femoral vein was 
utilized for returning the blood from the coronary sinus cannula to the circula- 
tion, which was accomplished by a Dale-Schuster pump. Control measure- 
ments were obtained until the blood flow was stabilized. Nicotine was infused 
at the rate of 20 y/kg./min. intravenously and coronary flow was again meas- 
ured continually during a period of 15 to 20 min. 

The following data were then obtained: coronary blood flow, O2 consumption, 
cardiac output, cardiac work, O2 extraction, heart rate, and blood pressure. 
These studies were repeated during and at various intervals for a period of 30 
min. after nicotine infusion. At the end of the experiment, the animal was 
sacrificed and carefully examined to determine the degree of coronary artery 
narrowing and the state of the heart muscle. In most instances the coronary 
arteries were injected with Cardiographin and X rays were taken of the in- 
jected specimen. 


Results 


Electrocardiographic observations. It was found that normal unanesthetized 
animals were able to tolerate a fairly wide range of nicotine (0.2 to 0.8 mg./kg., 
intramuscularly) with the production of only slight electrocardiographic 
changes. Following myocardial damage produced by coronary ligation, 
marked electrocardiographic changes were obtained with a dose that was one- 
fourth of that required to produce only slight changes in the normal animal. 
These changes became less marked as the subacute stage was reached, but were 
still less evident in the chronic stage of infarction. However, the electrocardio- 
graphic changes after equivalent doses were more marked in the stage of chronic 
infarction than in the normal controls* (TABLE 1). 

Following the injection of nicotine in dogs with coronary insufficiency (con- 
striction due to casein rings) and after coronary occlusion, there resulted an 
elevation of the RT segments (FIGURES 1 and 2). These alterations in the 
electrocardiogram are believed to be due to a discrepancy between the increase 
in cardiac demand made by the nicotine or the tobacco smoke and the ability 


_ * The following electrocardiographic changes were classified as slight: alteration in the 
direction of the T wave, sinoauricular heart block, sinus bradycardia, ventricular escape, 
simple tachycardia, and occasional ventricular extrasystoles. Moderate changes observed at 
a more advanced stage of the intoxication consisted of RT deviation, numerous extrasystoles 
coupled rhythm, and AV dissociation with a fairly rapid ventricular rate. Marked electro. 
cardiographic changes were observed at a still later period of intoxication and showed nodal 
tachycardia or ventricular tachycardia at a rate of 220 to 300/min.4 
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of coronary blood flow to increase. That this hypothesis appears likely is indi- 
cated by the findings on coronary blood flow given below. 


Coronary Blood Flow 


Normals. The coronary blood flow was determined by the direct method, 
as described above, in 5 dogs weighing from 20 to 25kg. The control coronary 
blood flows ranged between 70 and 140 cc./min. During the infusion of nico- 
_ tine there was a rapid increase of flow between the first and fifth minute, de- 
scribing a high early peak with an increase as high as ninefold. The curves of 
all these dogs showed similar patterns. After the peak the flow decreased 
rapidly and leveled off to a value higher than the control (approximately 50 


TABLE 1 


SUMMARY OF EXPERIMENTS SHOWING Errects oF Nicotine on Normat Dogs AND Docs 
WITH MyocarpiAL INFARCTION! 


Nicotine dose per kilogram (intramuscular) 
ECG effects 0.2 mg. 0.4 mg. 0.6 mg. 0.8 mg. 
No. Exp. No. Exp. No. Exp. No. Exp, 
exp. in % exp. in % exp. in % exp. in % 
Normal dogs Marked 0 0 0 0 0 0) 2 18 
Moderate 0 0 0 0 0 0 1 9 
Slight a 100 9 100 7 100 8 73 
Infarcted dogs 
Acute (1-4 Marked 13 68 11 84 
days) Moderate 6 32 2 16 
Slight 0 0 0 0 
Subacute (5-11 | Marked 2 33 4 33 4 66 1 100 
days) Moderate 2 33 3 25 1 17 0 0 
Slight 2 33 5 42 1 iY 0 0 
Chronic (over Marked 0 0 2 17 1 13 5 28 
18 days) Moderate 0 0 2 17 1 13 9 50 
Slight 22 100 8 66 5 72 4 22 


to 80 cc./min. higher), where it remained for the rest of the experiment, approxi- 
mately 15 min. (FIGURE 3). 

The cardiac output and cardiac work increased significantly. The coronary 
AV difference decreased and the oxygen consumption of the myocardium 
showed an increase. 

Coronary artery ligation. This group consisted of 6 dogs (19 to 26 kg.) with 
ligation of the descending branch of the left coronary artery at various levels. 
The effect of nicotine on coronary blood flow was studied in these animals be- 
tween the fourth and nineteenth days after ligation. These dogs showed in 
general very low control values for coronary blood flow (ranging from 30 to 50 
cc./min.). During nicotine infusion there was only a slight and slow increase 
of flow between the third.and sixth minute (up to 80 to 105 cc./min.). At the 
end of the infusion (15th minute) the coronary blood flow returned to the low 
control level and remained there until the termination of the experiment (for 


at least 15 min.). 
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The graphic expression of the blood flow showed a curve without a peak, 
but with a long “plateau.” The response of the coronary blood flow appeared 
to be related to the acuteness and extent of the myocardial infarction: the more 
acute and extensive the myocardial infarction, the lower and broader was the 
plateau of coronary blood flow increase (FIGURE 4). 

Cardiac output, cardiac work, and oxygen consumption of the myocardium 
increased; the coronary AV difference decreased. 

Dogs with coronary insufficiency produced by casein rings. In these animals 
(8 dogs weighing 20 to 27 kg.) the control values of coronary blood flow tended 
to be lower than those of the normal dogs, but were in general higher than those 
of the dogs with coronary artery ligation. During the infusion of nicotine a 
slight and slow increase in coronary flow (10 to 30 cc./min.) was observed. 
This was significantly less than in the normal control animals. 

The graphic expression of the coronary flow was that of an early low peak 
with a broad base. The early peaking resembled that of the normal dogs, but 
was much less marked. In addition, there was a tendency to form a plateau, 
as was observed in the dogs with coronary artery ligation (FIGURE 5). 

Similar results were obtained with 8 dogs from whom coronary blood flow 
was obtained with the nitrous oxide method.® 

Pathology. Dogs with ligation of the anterior descending branch of the left 
coronary artery showed anterolateral wall infarction in an acute or subacute 
stage, depending on the period of survival after the coronary artery ligation. 
The extent of the infarction varied from heart to heart, depending chiefly on 
the level at which ligation was performed. 

The hearts wherein coronary insufficiency was produced by the casein ring 
inserted around both the circumflex and anterior descending branches of the 
left coronary artery showed the arterial lumen to be narrowed to a resultant 
diameter between 0.7 and 1.2 mm.; in some instances the lumen was almost 
completely obliterated. The pathologic examination of the heart revealed the 
following: (a) no gross areas of infarction; (b) areas of subendocardial necrosis 
with hemorrhages, confined especially to the lateral wall; or (c) areas of marked 
subendocardial fibrosis. 


Discussion 


The effect of nicotine and tobacco smoke on dogs with coronary insufficiency 
showed effects that were similar to those of a stress mechanism. The findings 
obtained in the electrocardiogram, namely RT segment elevations and the 
production of ectopic rhythm, are similar to those that are produced in the 
experimental animal and in the human subject resulting from emotional stress 
and/or exercise in the presence of coronary insufficiency. 

Following the production of coronary insufficiency by coronary artery liga- 
tion and narrowing of the lumen of the coronary arteries, the pattern of response 
of the coronary blood flow was significantly different than that observed in 
the normal dog. The coronary blood flow showed only a slight increase as 
compared to the normal; this was also associated with a smaller change in 
cardiac output, coronary AV difference, and oxygen consumption. The re- 
sponse of the coronary blood flow was similar to that observed by Foltz et al.6 
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relative to the effect of anoxemia in the presence of coronary insufficiency. 
These findings would appear to have a bearing on the clinical problem of the 
effect of nicotine and tobacco smoke in the presence of coronary insufficiency. 


Summary 


The effect of nicotine was studied in the normal dog and in dogs with coronary 
insufficiency as produced by coronary artery ligation and gradual coronary 
artery narrowing. 

The response of the heart to similar infusions of nicotine showed a notable 
difference in the effect on the coronary blood flow and the measurement of other 
parameters including cardiac output, oxygen consumption, and coronary AV 
difference as compared to the normal control group. The increase in the 
coronary blood flow was considerably less than that in the normal animal and 
frequently dropped below the normal value in the postinfusion period. These 
findings would appear to have a bearing on the clinical problem relative to the 
effect of nicotine in the human subject with coronary artery disease. 
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TOBACCO ALLERGY IN CORONARY ARTERY DISEASE* 


Joseph Harkavy and Ely Perlman 
Mount Sinai Hospital, New York, N. Y. 


Between 1933 and 1938 one of us presented evidence suggesting that tobacco 
hypersensitiveness could account for certain clinical syndromes involving the 
heart and peripheral blood vessels.1?3 The conditions considered were throm- 
boangiitis with migratory phlebitis, cerebral and coronary angiitis, sclerosis of 
peripheral blood vessels, and disorders of the heart, including extrasystoles, 
tachycardia, auricular fibrillation, “tobacco angina,” and coronary artery dis- 
_€ase with angina pectoris.t Prior to incriminating tobacco as a factor in these 
cardiovascular manifestations all other possible causes were excluded. 

The idea that hypersensitivity to tobacco, tobacco smoke, and/or nicotine 
might be involved in the pathogenesis of these syndromes was prompted by 
the clinical observations that only certain individuals developed these symp- 
toms from smoking, whereas others could smoke with impunity. 

Allergy to nicotine has not been demonstrable to date. It was therefore felt 
that if hypersensitivity to smoking does exist, it would be due, apparently, to 
components of the tobacco leaf or their oxidation products. In the current 
study extracts of tobacco were prepared relatively free of nicotine and were 
used for immunological and clinical studies. 


Preparation of Tobacco Extracts 


Extracts were prepared of cured leaves of Burley, Maryland, Virginia, and 
Xanthis tobaccos. The leaves were shredded, defatted with ether, and ex- 
tracted with Coca’s alkaline extracting fluid. They were submitted to pro- 
longed dialysis (10 to 14 days). This period was necessary to reduce the 
nicotine below detectable levels. The dialyzed extracts were lyophilized. 
Analysis revealed average values of the order of 7 per cent ash, 3.5 per cent ni- 
trogen, and 40 per cent reducing sugars (after hydrolysis in V/1 HCl). No 
bound nicotine was detectable. Using a spectrophotometric method devised 
by one of us, the dried extracts were found to contain less than 5 ug. of nico- 
tine per 100 mg. (0.005 per cent). 


Immunological Studies 


In previous studies in rats® it was demonstrated that repeated injection of 
tobacco extracts was capable of sensitizing 8 of 11 rats, as indicated by a posi- 
tive Schultz-Dale reaction and the development of digital necrosis in 5 of the 
group.’ Nicotine did not produce any such reactions even after prolonged 
immunization. Female rats could not be sensitized. 

In the present study, a total of 45 rabbits were immunized with each of the 
“nicotine-free” tobacco extracts. Some were given the tobacco extract intra- 
muscularly in Freund’s adjuvant, others were injected repeatedly using the 


* The work described in this article was supported in part by Research Grant 55 G92 from 


the American Heart Association, New York, N. Y. 
Tt Details of this method are to be published elsewhere, 
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intravenous route. Because the early studies proved the tobacco extracts to 
be poorly antigenic, 200 mg. were given in each of the later injections. Re- 
peated bleedings were taken to ascertain the presence of antibodies. On vari- 
ous occasions one and two lines of precipitate were demonstrable using the 
Ouchterlony zone precipitation technique. There were some cross reactions 
among the four different types of tobacco leaf extracts. However, any one 
rabbit might have precipitins at a given time, only to lose them shortly there- 
after. 

Toward the end of these experiments 5 rabbits remained, each of which had 
had precipitins at one time or another. Three of these rabbits (101, 102, and 
103), and two others (104 and 105) that were immunized but did not develop 
any demonstrable antibodies, and seven control rabbits were sacrificed for 
perfusion experiments. The isolated hearts of these animals were perfused 
according to the Langendorff> technique employing the Anderson-Craver 
apparatus,® with 10 to 20 mg. of tobacco extract in 2 ml. of perfusing solution 
and with 10 to 100 mg. of nicotine in the same volume.* 

The results showed that the hearts of seven normal control rabbits perfused 
with Burley tobacco extract produced a variable, nonspecific effect on coronary 
flow (—79 to +112 per cent) and no significant effect on heart rate or contractile 
force. Of the three immunized rabbits (101, 102 and 103) with demonstrable 
antibodies, one (101) showed a significant decrease in contractile force (39 to 
78 per cent), some decrease in heart rate (8 to 18 per cent), and a consistent 
decrease in coronary flow (65 per cent) when perfused with Burley tobacco 
extract. Maryland and Virginia tobacco extracts produced no significant . 
difference in this rabbit, suggesting the possibility of immunization rather than 
sensitization to these tobaccos. 

The heart of rabbit 103, although negative on perfusion, showed a grayish 
apical lesion on gross examination. Microscopic section revealed an area near 
the apex consisting of bundles of cardiac muscle fibers undergoing a variety of ° 
degenerative changes, including necrosis and replacement by cellular fibrous 
tissue. Slightly hyaline medial changes were noted in an occasional small 
myocardial artery, and one arteriole showed a uniform smudgy alteration 
throughout the wall. 

The isolated hearts of rabbits 104 and 105, previously injected with Burley, 
Maryland, and Virginia tobaccos, against which they had not developed any 
demonstrable antibodies, showed no cardiac changes on perfusion with the 
homologous tobacco extracts. However, the hearts of these two rabbits were. 
found to be refractory to nicotine, in that doses as high as 200 wg. caused no 
reactions. 

Challenge of the excised ileums of these rabbits with the tobacco extracts in 
question yielded negative Schultz-Dale reactions. This may be explained by 
the inability of the smooth muscle of the rabbit’s intestine to fix antibody. 
Consequently it is indifferent to direct antigenic impact.® 

It would seem from these experiments on rats and rabbits, and from the 
demonstration of precipitins in rabbit sera, that tobacco leaf extract is anti- 
genic, although poorly so, in these animals. 


* The perfusion experiments were carried out by M. Finkelstein of the P i 
Division of Chas. Pfizer & Co., Inc., Brooklyn, NY. gat oberg ma 
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Clinical Studies 


During the course of the previous and current studies of patients with cardio- 
vascular syndromes suspected of being due to tobacco hypersensitivity, the 
following evidence has been accumulated which seems to satisfy the criteria 
for establishing the existence of an allergic etiology: 

(1) It has been shown clinically that in certain individuals smoking was con- 
_ sistently followed by the development and exacerbation of their symptoms. 
Certainly in thromboangiitis obliterans, the smoking of one cigarette can be 
followed by phlebitis. One patient developed a recurrence of previous phlebitic 
nodules 24 hours following skin tests with tobacco extracts, while another de- 
veloped a recurrence of thromboangiitis and a generalized eczema following 
repeated injections with tobacco extract.’ In cases with cardiac arrhythmias, 
tobacco angina as such, and coronary artery disease with anginal pain following 
smoking, persistence in the use of tobacco led to continuation of symptoms as 
well as progression of the coronary artery disease. Some of the patients with 
coronary disease who did not stop smoking had three and even four attacks 
of coronary artery disease, which brought them repeatedly to the hospital. 

(2) It has also been demonstrated that removal of the allergen (that is, 
tobacco) results in a permanent arrest of symptoms.* This has been shown 
to be true in patients with cardiac irregularities of rhythm, such as extrasys- 
toles, tachycardia, and auricular fibrillation, and also in patients with throm- 
boangiitis obliterans. In individuals with angina, pain due to smoking also 
disappeared following the elimination of tobacco. 

(3) Positive skin tests to tobacco are demonstrable in a high percentage of 
patients with cardiovascular symptoms suspected of being allergic to tobacco.‘ 

(4) The existence of reagins to tobacco in sensitive patients has been con- 
firmed by positive passive transfer reactions, as well as by specific absorption 
of reagins by different tobaccos and the presence of eosinophilia in the imme- 
diate whealing reaction.?! 

In our present investigation we tested with the above described specially 
prepared “‘nicotine-free’”’ tobacco extracts a group of 57 patients admitted to 
the hospital because of coronary artery disease and myocardial infarction. 
These patients were chosen sequentially from among all such patients admitted 
to the wards. Each individual was tested with ragweed pollen, Burley, Mary- 
land, Virginia, and Xanthis tobacco extracts. The results of these and of 
similar studies in 49 cases of coronary artery disease carried out in 1935, utiliz- 
ing 70 per cent denicotinized tobacco, are indicated in TABLE 1. 

It is evident from this table that 34 (59.6 per cent) of the 57 cases in the 
1959 group who smoked gave positive skin reactions suggesting allergy to one 
or more tobaccos. Seventeen smokers (29.6 per cent) showed negative reac- 
tions, as did all of the 6 (10.75 per cent) nonsmokers. ; 

The average age at onset of acute coronary artery involvement in smokers 
who showed positive skin tests to tobacco was 56+, whereas in smokers not 
sensitive to tobacco it was 65 years, a difference of 9+ years. The average 
age at onset of acute coronary artery diseases in nonsmokers with negative skin 
reactions to tobacco was 69-++, a difference of 13 years between this group and 


the tobacco-reacting smokers. 
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Comparison of the findings in 49 coronary artery cases reported in 1935* 
(tested with 70 per cent denicotinized tobacco extracts) with those in 1959, 
revealed that the age at onset of acute coronary symptoms in 22 smokers with 
positive skin reactions was 49+ years, whereas in 18 smokers not reactive to 
tobacco it was 59.8, a difference of 10 years. In 9 nonsmokers the initial 
coronary symptoms appeared at the average age of 68.7, a difference of 19 
years compared to smokers with coronary artery disease who reacted to tobacce. 
" The results noted in both categories of patients comprising this group were 
submitted to statistical analysis and, by using the ? test, showed a P of 0.01, 
which is highly significant. : 

It is Loaf to note that there seems to be an age differential in the onset 
of coronary artery disease in the 1935 group compared with the 1959 group. 
Thus in the interval of 24 years, the age at onset in the tobacco sensitive group 
shifted from 49+ in 1935 to 56+ in 1959 and, in the nonsensitive smoker, from 
59.83 in 1935 to 65+ in 1959. There was but little change in coronary involve- 
ment in the nonsmoker group: for example, 68.7 in 1935 and 69+ in 1959. The 


Taste 1 
1959: ST cases 1835: 29 cases 
| Nov of cases ——- | Nacfases | SES 
Smokers . | 
tobacco-sensitive 3 (59.6%) | 36+ 22 (44.7%) | +o 
tobacco-insensitive 17 (29.6%) 65+ | 18 G7.0%) 30+ 
Nonsmokers 6 (10.8%) | + 9 (18+%) 6s+ 


shift to the later age in onset of acute coronary involvement in the tobacco 
sensitive and nonsensitive groups in the interval of 24 years may be explained 
on the following grounds: (1) the life span of the population has generally in- 
creased in the past quarter of a century; and (2) even though coronary artery 
disease in smokers appears more frequently in younger individuals" it is pos- 
sible that this group of patients, because of hospitalization insurance (not 
available to, or not acquired by older individuals) do not appear in public 
wards, but obtain private care. 


Discussion 

In view of the observations described above it would seem that exposure to 
tobacco, whether through smoking or by injection, may be followed by sensiti- 
zation in the experimental animal as well as in man. In animals it may be 
demonstrable by anaphylactic reaction in various tissues, such as smooth 
muscle, the heart, and blood vessels. In man hypersensitivity to tobacco is 
indicated by the presence of positive skin reactions to various tobaccos. 

Clinically, tobacco allergy may be responsible for symptoms in various shock 
tissues that are peculiar to the affected individual. In some the respiratory 
system may react, giving rise to cough and/or asthma; in others the blood 


vessels in the brain, resulting in migraine; and in still others the cardiovascular. 
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| System may be implicated. Evidence of the influence of allergy, in the predis- 
| Position to coronary artery involvement in the tobacco sensitive group of 
, Patients, is to be found not only in the positive skin reactions to tobacco and 
| Passive transfer experiments with <era of patients with tobacco angina, core- 
"Mary insufficiency, and cofonary artery disease, but also in the histories of these 
_ patients. Investigation disclosed that 33 to 34 per cent of the 1959 and 1935 
+ groups of patients with cardiac manifestations had a family or personal back- 
_ gtound of allergy. This relatively high incidence of constitutional stigmata of 
_ allergy in cases with coronary artery disease deserves duc consideration. It 


the results of hypersensitiveness to various exciting agents, one of 
and in certain cases the most important, may be tobacco. This is ako 
, ‘Supported by the history of precordial pain after smoking in 32 per cent of the 
| 34 cases in 1958-1959 group that gave positive skin tests to tobacco. Un- 
he , information on this point was not recorded in the 1935 series of 
| patients. While such a positive history is important in correlating the symp- 
_ toms and positive skin tests, its absence does not exclude tobacco hypersensi- 
| tiveness. Fontana 4 al.™ have recently reported that 33 per cent of 96 smok- 
| ts with a personal history of allergy and positive skin reactions to tobacco 
_ developed peripheral vascular symptoms, as compared with 10 per cent of 291 


i fiteis to this allergen. This is 2 common experience when dealing not only 

with tobacco allergens but with any other allergens used in testing hypersensi- 

tive patients. Under such circumstances the diagnosis of specific 

liveness is made by the exclusion of a suspected allergenic excitant and the 
sts noted following its elimination. 

: Summary 


} srimentz fee aacirdin cqfecenl cabbate, In rats this is demonstrable 


n from smoking causes clinical remissions; (3) positive skin tests are 
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correlated with suspected clinical allergy; (4) reagins to tobacco have been 
demonstrated by passive transfer tests; and (5) the reagins are specific for 
various types of tobacco. 

Investigation of 57 patients with coronary artery disease during 1958-1959 
indicated that the onset of acute coronary involvement in 34 smokers (59.6 
per cent) with positive skin reactions to tobacco occurred nine years earlier 
than in 17 smokers (29.6 per cent) who showed negative reactions to tobacco, 
and 13 years sooner than in nonsmokers with negative skin tests. Similar 
results were obtained in 49 cases studied during 1935. 

Statistical analyses of these findings were found to be highly significant. 
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Part VIII. Panel Discussion 


EFFECTS OF SMOKING IN DISEASES OF THE 
PERIPHERAL VASCULAR SYSTEM 


E. A. Hines, Jr., Moderator 
Mayo Clinic, Rochester, Minn. 


in peripheral vascular diseases. We shall try to apply some of the basic phys- 
iological and biochemical information, which has been so well given at this 
meeting, to the physicians’ problem in caring for his patient with peripheral 
vascular disease. In those conditions where we agree that tobacco may have 
a harmful effect, we shall suggest what can be done about it, either in the 
nature of a deterrent to the effect of tobacco on the peripheral vessels, or in 
the nature of a deterrent to the patients’ tobacco habits. 

To review briefly the effects of tobacco that might (and I emphasize might) 
be beneficial, I mention the tranquilizing effects that are mentioned several 
times in this monograph; the antiobesity effect; the possible cholesterol-lower- 
ing effects of nicotine; and, perhaps, the increase of blood pressure in conditions 
such as orthostatic hypotension where pressure is low. On the other hand, 
_ some of the ways by which tobacco might have a harmful effect in peripheral 
vascular diseases include inducing or increasing vasoconstriction; increasing 
the tendency to thrombosis ; inducing or increasing the changes of atheroscle- 
rosis by its effect on fat metabolism ; and an allergic reaction. 

Task Edwin Wood if all the effects of tobacco in peripheral vascular diseases 
can be explained by the action of nicotine? 

Epwin Woop (Medical College of Georgia, Augusta, Ga.): Yes, I think they 
can. This is not to say that all of the other substances in tobacco have no 
effect on the peripheral circulation, but evidence appears in this monograph 
indicating that nicotine can reproduce the observable effects on the circulation, 
or that knowledge of the pharmacology of nicotine can explain changes that 
we observe in the circulation. 

Htves: Do any of the other members of the panel have any comments on 
this? 

Hucu Montcomery (U niversity of Pennsylvania, Philadelphia, Pa.):T think 
it is still an open question whether, as Harkavy has mentioned, some effect on 
collagen might not play a part in some peripheral vascular diseases. I think 
thromboangiitis obliterans has not been disproved as being a result of some 
sort of allergy, and its very close association with the use of tobacco, although 


not 100 per cent, is still suggestive. 
333 


334 Annals New York Academy of Sciences 


Hines: In the main, however, I think we can concentrate our discussion on 
the effects of nicotine. 

Question: If we can get down to some more exact information, what is the 
least amount of nicotine that might cause adverse effects on the blood vessels? 

Grace M. Roru (Lovelace Clinic, Albuquerque, N. M.): The standard ciga- 
rette contains 20 mg. of nicotine and about 22 per cent of that—or about 4.4 
mg.—is in the mainstream of the smoke that enters the mouth. In doing the 
studies with the low nicotine content cigarette, we found that when the amount 
in the mainstream was 0.55 mg. we had only a few vascular effects. That 
probably means that the denicotinized cigarette must be cut down about 60 
per cent to avoid or banish the vascular effects, and that is why the denico- 
tinized cigarettes have given almost the same effect as the standard cigarette. 

Hines: Does tobacco have a tranquilizing effect in the hypertensive patient 
that might tend to cancel some of the beneficial effects of stopping the use of 
tobacco? 

Rosert H. Gorrz (Albert Einstein College of Medicine, New York, N. Y.): 
It depends on what you mean by tranquilizing effect. If it is considered essen- 
tial that a tranquilizer calm down a patient’s functions, such as the heart rate, 
or keep the blood pressure at a constant level, then I think nicotine or smoking 
cannot be regarded as being a tranquilizer. After all, it does increase the heart 
rate and the blood pressure. I noticed in Roth’s discussion in this monograph 
that the diastolic pressure went up as much as 70 mm. 

On the other hand, if a patient is confronted by something that irritates 
him, or is apprehensive, he is likely to start smoking. Apprehension and irri- 
tation increase the blood pressure and heart rate and that seems to be a poor 
time to add the vasoconstrictor effects induced by smoking. Therefore, al- 
though smoking may perhaps make the patient feel better mentally, from a 
physiological standpoint tobacco is not a tranquilizer and should not be rec- 
ommended for that purpose. A different type of tranquilizer should be used 
if one is needed. 

Hines: Does anyone on the panel know of evidence showing that when a 
patient with hypertension has stopped smoking his blood pressure goes up 
from the tension and anxiety of stopping the use of tobacco? I don’t know of 
any such evidence, and I doubt that this would occur. 

Rot: An interesting piece of work was done by Johnston® in England. 
Johnston, with his 35 colleagues, who were habitual smokers, observed the effect 
of substituting nicotine. When they wanted a cigarette, they took a 0.02 mg. 
of nicotine hypodermically. After about 35 injections, they preferred to have 
their nicotine by way of the hypodermic needle rather than by smoking. They 
decided from this that the tranquilizing effect they experienced from smoking 
was secondary to the satisfaction of the desire for nicotine that had been lack- 
ing. This conclusion was based on a small group of subjects, but is the only 
piece of work of this kind of which I know. 

Hines: Can Hugh Montgomery tell us whether the weight gain after stop- 
ping smoking tend to cancel some of the beneficial effects of stopping the use 
of tobacco? 


MontcomeEry: It was interesting that, in this monograph, Blackburn re- 
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ported an average 9-lb, weight gain when a person stops smoking. That has 
been just about my impression. It is a difficult problem when a middle-aged 
businessman, with a condition such as intermittent claudication from a blocked 
artery, comes for advice. Such a patient may weigh a little more than he 
should. He has been smoking a couple of packs of cigarettes a day. Which 
is more important—to get his weight down, and perhaps decrease his cholesterol 
in so doing, or to stop the smoking? It is usually very difficult for him to do 
both. Maybe I should be a nonsmoker and I then should be more effective, 
but practically speaking, I think I fail more often than I succeed in having a 
person do both at the same time. 

Hives: I'll agree it is very difficult to do both at the same time. Such gain 
in weight, according to statistical studies, is not large enough to be a greatly 
increased health hazard. Nine pounds would not be beyond the 10 per cent 
that supposedly results in an increased health hazard. 

Montcomery: However, suppose the patient weighs 250 pounds and this 
represents the major problem. Then would you not let him smoke and try to 
get his weight down? 

Hives: No, I would try to persuade him to do both. 

Montcomery: I don’t remember any recent occasion in which I was success- 
ful in scoring on both points. 

Hines: May we say then that the panel agrees that the beneficial effects in 
peripheral vascular disease of tobacco are minimal and somewhat nebulous, 
and should never overweigh the stopping of tobacco in conditions where there 
is a definite contraindication? In other words, would stopping the use of to- 
bacco take precedence over anything else? Are there any really beneficial 
effects that might be derived from continuing the use of tobacco? It seems 
from the lack of response that we are in agreement on that. 

WIL11AM Wo tr (Grand Central H ospital, New York, N. V.): I was wondering 
whether any one on the panel could tell us the mechanism of the fat accumu- 
lation that occurs when one stops smoking and, contrarywise, what the loss of 
fat is due to when one does smoke? 

Hines: I shall have a little trouble answering that because I am a nonsmoker. 
I can say, though, that I have trouble keeping my weight down, and I think 
one reason is because instead of lighting up a cigarette, I eat a piece of candy 
or something of that nature. So I think just substituting the eating habit 
for the smoking habit is one reason why patients who stop smoking gain weight. 

Smokers will have to say more about the effect on appetite and other things 
that might be involved. ; 

Wotr: Thienes pointed out in his paper that the rats he studied ate the same 
amount in each instance. So we must consider absorption and other factors 
as well. ve 

Monrtcomery: We are not rats, and I am told that nicotine suppresses hun- 
ger contractions as does smoking. Is that an incorrect statement? 

Hines: I think that is correct. 

Montcomery: Nicotine releases a little of the body sugar instead of letting 
the sugar go in by way of the mouth. ; 

Hives: I think there is an effect on the appetite from smoking. 
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Goetz: That is the way I have always explained it, because the first thing 
a smoker does when he feels hungry is to reach for his pack and start lighting 
a cigarette, so that instead of having his lunch, he smokes. I ama nonsmoker 
and usually eat something in order to get over my hypoglycemia at about 
half-past eleven in the morning, whereas my colleagues always smoke at that 
time. Eating is, I think, the oldest tranquilizer, in fact one of the best tran- 
quilizers known. 

Wotr: What happens to the blood pressure if a person has been a habitual 
smoker and then stops smoking for, perhaps, a year or six months, and then 
starts again? Are these changes in any way comparable? 

Hines: Does anybody on the panel have an answer to that one? I don’t 
recall any studies on it. 

MontcoMERyY: May I make one remark apropos of that. Two of my patients 
who had previously been heavy smokers, drove their cars off the road during 
the first 2 or 3 days after stopping smoking. Apparently, they just collapsed. 
I do not know whether it was a blood pressure effect or a slowing of the pulse 
or something purely psychic. One of them did it twice after stopping smoking. 
Luckily, neither of them was killed, but the accidents seemed to be connected 
with the abrupt withdrawal. 

Borjye Ejrup (Karolinska Sjukhuset, Stockholm, Sweden): We have seen in 
Stockholm about 2500 patients who have stopped smoking, and we have not 
seen any trouble like that. 

Hines: I don’t know of any patients who have had that experience. It must 
be a pretty rare occurrence. May I ask Hugh Montgomery if there is any 
evidence that nicotine can accelerate clotting of the blood inside the blood 
vessels. 

Monrtcom_ery: I was interested in hearing Wenzel say that there is a decrease 
in the clotting time, im vitro, not in the blood vessels, and again in rabbits and 
not in man. 

Orville Horwitz in our laboratory is working on clotting mechanisms apropos 
of the use of cigarettes, and his impression at the moment is that there is 
one test in which he has been able to show in a number of patients a distinct 
tendency toward increase in clotting rate during the smoking of a single ciga- 
rette. 

Goetz: I cannot quote chapter and verse, but I believe that somebody many 
years ago found that the viscosity of the blood was changed on smoking. 

Hines: We can say that the evidence is not good enough at the present time 
to permit us to use this as a reason for urging a patient, who has a recurring 
thrombosing tendency, to stop the use of tobacco. 

Since I made a point that lymphatics are vessels and that there is such a 
thing as lymphatic disease, I ask Wood if there is any evidence that tobacco is 
helpful or harmful for patients with lymphatic vascular disease. 

Woop: Victor McKusick, John Esterly, and I' had an opportunity to study 
patients with Milroy’s disease (chronic hereditary lymphedema). These pa- 
tients have very high rates of blood flow that conceivably could contribute to 
the edema formation. Possibly smoking would alter this situation, but this is 
purely speculative. 


Hives: There is a great deal of further study needed on this effect. Certainly 
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lymph vessels can contract and dilate like blood vessels and it is possible that 
nicotine might have some effect on their function. 

As regards one of the major situations in regard to tobacco and peripheral 
vascular disease, what evidence is there that tobacco is harmful in patients 
with thromboangiitis obliterans or Buerger’s disease? 

MontGomERy: The best study I know of is that made about 20 or 30 years 
ago by Silbert,? whose results pointed very clearly to the importance of giving 
' up the use of tobacco in all forms. The group consisted of about 200 patients 
with thromboangiitis obliterans, some of whom he followed for as long as 10 
or 20 years; he found that about half of them gave up all use of tobacco while 
the other group continued to smoke, at least to some degree. In all of those 
who stopped smoking there was no advance of the arterial occlusions, while 
all who continued to smoke had very easily recognizable increments in occlu- 
sions and in ulceration. 

There are exceptions. I have one patient who was under observation for 
five years while he smoked and there was no measurable advance in his disease, 
and another who, there is every reaon to believe, never smoked. They are 
the exceptions rather than the rule. 

Hines: I do not particularly like testimonials as a substitute for statistics, 
but I mention several informative cases. Gifford and I reported’ the case of a 
patient with thromboangiitis obliterans who had recurring episodes of superfi- 
cial phlebitis and progression of occlusive arterial disease over a period of about 
3 or 4 years, during which time he continued to smoke. We did not see him 
again for 10 years; during this period he had stopped smoking. The patient 
had had no further recurrence of his phlebitis. He had no evidence of occlusive 
arterial disease. It is impossible to be certain, but it certainly looked like a 
cure.” 

We also have in our records the case of a smoker who, when he was 18 years 
old, had recurring superficial phlebitis, occlusive arterial disease, and gangrene 
of a toe that required amputation. This patient stopped smoking and did not 
resume smoking until he was 37 years old. Within six months he had a recur- 
rence of superficial phlebitis and gangrene of another toe that required amputa- 
tion. I do not blame him for thinking he was cured after that period of time. 

We have another patient who had stopped smoking for 13 years and, on 
starting again, had recurrent symptoms and signs of active thromboangiitis 
obliterans. 

GoETz: I can only underline what has already been said. However, we all 
have seen cases of what appear to be thromboangiitis obliterans, that is, young 
males with no signs of arteriosclerosis or atherosclerosis and no increase in 
lipids and cholesterols who exhibit typical migrating phlebitis and subsequently 
develop thromboangiitis obliterans although they never smoked. A patient 
of mine, a young Irishman with migrating phlebitis, had never smoked in his 
life. We did an arteriogram and demonstrated the development of an intra- 
luminal thrombosis. The vessel was still patent, but we could see the typical 
segmental clot in the posterior tibial artery in the middle of the vessel. Two 
weeks later he developed complete occlusion of that vessel and a biopsy showed 
the typical picture of thromboangiitis obliterans. 

To make another point, it is noteworthy that patients in whom we make a 
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diagnosis of thromboangiitis obliterans find it extremely difficult to stop smok- 
ing. Such patients will sit in bed with their legs flexed, suffering severe pain, 
and will smoke one cigarette after another, although they have been warned 
that they will lose their legs unless they give up smoking. They just are un- 
able to stop. 

Hines: There are many patients with thromboangiitis obliterans who do 
stop smoking and have not smoked over a period of many years. Roth and I 
know of a number of them. 

Rotu: There have been some warnings put out about the filter-tip cigarettes, 
in that some of these people who formerly had Buerger’s disease have gone back 
to smoking, thinking they were protected. 

Hines: I think that is an important point. We should always tell our pa- 
tients that filter-tip cigarettes do not take out enough of the nicotine to allow 
them to continue to smoke without harmful effects. 

Next, what evidence is there that tobacco is harmful for patients with arterio- 
sclerosis obliterans? Until recently it has been a clinical impression and, I 
think, a well-established clinical impression that, as a group, patients with 
arteriosclerosis obliterans who stopped smoking did better in that there were 
fewer complications, and fewer patients lost an extremity than in the group 
who continued to smoke. Joergens, Barker, and I,‘ and our associates, have 
been following patients with arteriosclerosis obliterans. Incidental to other 
information on two of these studies, we obtained information on the smoking 
habits of these patients over a period of years for an average of 13 years after 
they were first seen at the clinic. In one group in which the diabetic patients 
were excluded, which makes some difference, there were about 56 patients who 
had stopped smoking and about an equal number who had continued to smoke. 
Of those who had stopped smoking, not one had lost an extremity and, of those 
who had continued to smoke, 12 per cent had lost an extremity. 

In another study (submitted but not yet published) that Schadt and I have 
done on patients with atherosclerotic occlusion of the femoral artery, an un- 
selected group that included patients with diabetes, there were about 90 who 
had stopped smoking, and one of these had lost an extremity. There were 
about 85 who had continued to smoke, and 20 per cent of these lost an extrem- 
ity. This cannot be considered as evidence that tobacco and smoking alone 
caused them to lose an extremity, but it gives some objective support for the 
general impression that patients with arteriosclerosis obliterans who continue 
to smoke do not do as well as those who stop smoking. ; 

Woop: Did sympathectomy “protect” these patients, as acute experiments 
would suggest; were there enough with sympathectomized limbs so that you 
could get this information? 

Hrnes: No, there were only about 20 in this group who had sympathectomies. 

Montcomery: According to the recent paper by Joergens, Barker, and your- 
self,* about three quarters of the patients with peripheral arterial disease, who 
were followed through to death, died of coronary occlusion. Is it true that 
these deaths occurred earlier in that group? 


Hines: Yes, the deaths were earlier on an average in smokers than in the 
nonsmokers. 


We should like to have more objective clinical evidence that tobacco is 
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harmful for patients with arteriosclerosis obliterans. I ask Wood to comment 
on the problem of evaluating the question of a causal relationship between 
tobacco and atherosclerosis. 

Woop: The problem is that there appears to be a greater incidence of death 
from coronary disease in smokers than in nonsmokers. It seems to me that 
of the important problems in such evaluations, one is that people who elect to 
smoke do so on a psychological basis. I wonder jf factors that determine 
_ whether or not a person will have an accelerated course of arteriosclerosis are 
also factors that independently determine whether or not he will be a smoker. 

Another problem is one of evaluation of the disease. We have attempted 
to get better information by trying to develop a method for measuring arterial 
elasticity and obtaining a quantitative evaluation of arteriosclerosis, that is, 
by studying its course rather than by using a single coronary occlusion as a 
criterion. 

These are some allusions to the problems rather than solutions. 

Hrnes: It is well to emphasize that there are problems in trying to evaluate 
a possible causal relationship of atherosclerosis and the use of tobacco. It is 
going to be quite a long time before we can hope to have specific answers be- 
cause of the circumstances mentioned. 

To discuss other conditions in which tobacco might be a factor: when should 
a patient who is a marked vascular hyperreactor or who has hypertensive disease 
be advised to stop the use of tobacco? 

Rotu: That is difficult because people who are smoking want to continue to 
smoke! One of the best ways I have found is to doa smoking test on a patient 
and show him how his blood pressure rises every time he smokes a cigarette. 
Generally it rises about the same amount as in the cold pressor test, since 
anyone who gives a hyperreaction to smoking has a hyperreactivity to almost 
everything. A man whom I saw about 10 years ago had a blood pressure of 
110/70 that went to 170/110 on smoking. He continued to smoke and the 
disease continued to progress. There are many such patients. The best that 
we can do is advise them to stop smoking and emphasize the fact that the 
patient’s heart and blood vessels are at stake. 

Hines: In a patient who is a vascular hyperreactor, I go only so far as to 
advise that, if he does not smoke, he should not take up smoking. I do not 
think we have nearly enough evidence of long-term harmful effect in a vascu- 
lar hyperreactor from smoking to tell a hyperreactor that he should stop 
smoking. a Saas herkt 

MontTcomery: Does the word hyperreactor, as we are using it in this dis- 
cussion mean hyperreactive blood pressure? 


Hines: Yes. : 
Montcomery: Is that not a misuse of the term? There certainly are a lot 


of different hyperreactions that can occur. Occasionally in smoking, for in- 
stance, a person will get a cold, sweaty reaction. 
Hines: We are now concerned specifically with blood pressure hyperreactors. 
Rotu: I was speaking of the patient whose blood pressure is not usually 
elevated but goes up and down. There are many patients who can have a rise 


of 100 mm. in their blood pressure. me gee 
Hines: As with any strong stimulus, whether it is cold, pain, nicotine, or 
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something else, there is an occasional patient whose blood pressure is very 
hypersensitive. In the case of tobacco, such a patient will have a persistent 
elevation while smoking and, when not smoking, will have normal blood pres- 
sure. This is a rare occurrence, but it should be sought. If there is any ques- 
tion about whether a patient who has hypertension or who is a marked blood 
pressure hyperreactor should stop smoking, there is a way to get some objec- 
tive information: that is to conduct a smoking test under controlled circum- 
stances and find out whether tobacco is keeping the blood pressure elevated. 

Is there evidence that vasoconstriction induced by nicotine is harmful for 
patients with vein diseases, such as thrombophlebitis or primary varicose veins, 
or whether this mechanism is involved in congestive heart failure? 

Woop: I shall confine my remarks to constriction of the veins, based on the 
work of Eckstein and Horsley presented elsewhere in this monograph. We 
thought we had good evidence in Robert W. Wilkin’s laboratory in Boston, 
Mass., that increasing the velocity of flow through the veins with elastic stock- 
ings actually lowered the incidence of thrombophlebitis. Thus if one accepts 
the idea that blood flow in the calf is not influenced by smoking, and that the 
veins constrict, then velocity would increase, suggesting at least that, if any- 
thing, it would be better to smoke. It would be unreasonable to think that 
the vasomotor effects of smoking induced thrombophlebitis. The effects on 
the clotting mechanism, if any, do not appear to be well studied. 

With regard to congestive heart failure, blood volume is elevated and we 
have found evidence that the veins are constricted; hence venous pressure is 
high. We have all seen patients with congestive heart failure who say they 
get even shorter of breath when they smoke. This has generally been attrib- 
uted to the irritant effects of tobacco on the bronchi. I suggest that, on the 
basis of the finding that blood is shifted out of the extremities by nicotine, this 
might contribute to the symptoms observed in congestive heart failure. 

Hines: The most common symptom that patients with occlusive arterial 
disease complain of is intermittent claudication. What is the effect of nicotine 
on intermittent claudication? 

Montcom_ery: I do not think anybody has demonstrated that in man smok- 
ing affects intermittent claudication one way or another. One might put it 
around the other way and say that since we have shown that resting muscle 
blood flow is increased in a transitory manner by intravenous nicotine, it might 
well be that drugs such as Arlidin, for instance, which has been shown to increase 
resting muscle blood flow, should benefit intermittent claudication. I do not 
think that any drug increases the walking distance in intermittent claudication. 
I am reasonably sure that nicotine does not. J think that the controls of re- 
ported experiments that point to the contrary are not good, and I think there 
is no greater stimulus to an increased blood flow in muscle than the accumula- 
tion of metabolites that occurs in intermittent claudication. 

Goetz: May I confirm what Montgomery has said. I have the feeling that 
the increase in blood flow in muscle while smoking is a passive effect. Further- 
more, the increase is really minimal when compared with the increase produced 
by the metabolites during exercise. There is no evidence that the flow of 
blood in the exercising muscle is increased by smoking and, consequently, it is 
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unlikely that smoking has any effect on the exercise tolerance in intermittent 
claudication. 

HINES: From a clinical standpoint, we do not have any well-controlled 
statistical studies on what happens to intermittent claudication when a patient 
Stops smoking. Some patients may be able to walk farther when they stop 
smoking but, in most, it does not help. I think it is very important to point 
out to the patient when he is told to stop smoking that he probably will not 
be able to walk much farther; from this he should not assume that he is not 
being benefited and resume smoking. It should be made clear to the patient 
beforehand that the purpose of stopping the use of tobacco is not to increase 
his walking capacity. 

Should all patients with ischemia of an extremity severe enough to endanger 
the survival of the extremity be urged to stop the use of tobacco? 

Gortz: Emphatically, yes. It is quite obvious that by the time the patient 
has ischemic lesions, anything that will further decrease the peripheral blood 
flow definitely will be harmful and, for that reason, I think it is absolutely 
essential for the patient to stop smoking. He should, of course, avoid any- 
thing else that will produce vasoconstriction, such as cold. 

Hines: Does anyone disagree with this opinion? 

I should like to stop now to summarize briefly and see if the panel agrees 
with me on which patients with peripheral vascular disease should be advised 
to stop the use of tobacco. Patients who are hyperreactors in their blood pres- 
sure or who have hypertension, in which it can be proved by testing that the 
use of tobacco is causing a persistent elevation of blood pressure, are one group 
that could be advised not to smoke. All patients with thromboangiitis ob- 
literans regardless of age or circumstances should be urged to stop smoking, 
as should patients with arteriosclerosis obliterans. There will be some excep- 
tions to this, such as the 85-year-old man who has-a minimal amount of diffi- 
culty and has a nonprogressing disease, but in general most patients with 
arteriosclerosis obliterans would be better off if they stopped the use of tobacco. 
Finally, all patients should stop if they have significant arterial insufficiency at 
rest in which there is danger of losing the extremity. 

Does anyone have anything to add? 

Montcomery: You mentioned veins a while ago but have not included men- 
tion of them in your summary. 

Hines: I do not think we have enough evidence to insist that patients with 
venous insufficiency also stop smoking. 

Gortz: May I have your opinion on how you would answer this question, 
which I am frequently asked? I know how I would answer it. Every now 
and then a patient will say, “But I do not inhale. Can I smoke, provided I 
do not inhale?” 

Hives: In the first place I do not think we can take the patient’s word as to 
whether or not he inhales. It would be necessary to show that by some test. 
No, I should not make any exception on the basis of whether the patient thought 
he inhaled. Looe 

Goetz: I wanted to get this confirmed, because much less nicotine-is being 
absorbed in the mouth and the patient will probably have this information 


from his reading. 
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Hines: If someone can show by statistical study that the noninhalers get 
into less trouble than inhalers, it would be useful, but I do not think we have 
that information. 

I propose now to pass on to discussing some specific aids to patients included 
in the groups advised to stop smoking, and consider them from two stand- 
points: first, deterrents to the effect of nicotine on the blood vessels, and, second, 
deterrents to the tobacco-use habit. 

We have heard some interesting things about the effect of reserpine during 
this conference. Could reserpine be used as a deterrent to the effects of nico- 
tine on the blood vessels? 

Woops: It is my impression from experiments, admittedly directed toward 
another problem, that oral reserpine in doses used in humans for hypertension 
does not alter vasomotor response to smoking very much. 

MontTcGoMEryY: It seems to me pretty clear that, in so far as the peripheral 
vessels are concerned, the local release of vasopressive material is not the main 
problem. For about 10 or more years there have been good studies of the 
effect of sympathectomy in abolishing or certainly greatly decreasing the action 
of nicotine. Most of the nicotine effect in the periphery appears to be by way 
of the sympathetic nervous system. 

Woop: I had meant to imply that. 

Goetz: I understood Burn to say in his paper that he thought the failure to 
get vasoconstriction in sympathectomized limbs was due to this very effect. 
Burn reported a decrease in catechol amines following sympathectomy. 

Rotu: The patients we are studying have not had any reserpine, only sym- 
pathectomy. As I showed in my paper there was no vasoconstriction in the 
feet that had been sympathectomized; we have numerous similar cases. 

Hines: The value of this discussion is largely theoretical because I do not 
think anyone has done a good clinical study on the effects of reserpine on the 
various conditions. It has been reported that reserpine is beneficial in patients 
who have Raynaud’s disease. I have not found it to be so in patients who 
have Raynaud’s disease with severe and progressing symptoms. It may be 
beneficial in mild cases that do not need treatment other than protection from 
cold. 

Reserpine does not significantly reduce the blood pressure-raising effect of 
the cold pressor test in patients with hypertension. 

If a patient has sympathectomy, can he continue to smoke? 

Goetz: Obviously he cannot continue to smoke. When we doa sympathec- 
tomy, we do it on a patient with a systemic disease. We usually do the sym- 
pathectomy for disease in the lower or upper limbs, knowing full well that the 
patient also has arteriosclerosis of the coronary and other vessels. Because we 
are concerned with a systemic disease, I am in favor of telling the patient to 
stop smoking after he has had a sympathectomy even if there is no longer a 
reduction of the blood flow to the extremities on smoking. 

Hines: I think the question is important because there are some surgeons 
who are telling patients, when they have a successful bypass operation for 
occlusion and thus restore the circulation to normal, that it is no longer neces- 
sary for them to stop the use of tobacco. Will Goetz comment about that? 
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Goetz: In my experience, many a patient would rather have a bypass opera- 
tion than stop smoking. This is unfortunately the psychological situation in 
which we find our patients. If we do a bypass operation, we shall be able to 
improve the circulation in that particular area but we shall do nothing to 
change the natural course of the disease in other areas. The patient has, of 
course, arterial disease not only in the periphery, and therefore he must stop 
smoking. 

Hines: Can we be told about the vasodilating effects of alcohol counteracting 
the vasoconstricting effects of tobacco? 

Rortu: In our studies we gave one ounce of ethyl alcohol on an empty stom- 
ach, which produces good vasodilation. We explored the effects of smoking 
from 10 min. after the giving of the alcohol for an hour and one half, and there 
was no time when the smoking did not result in a marked vasoconstriction. 

As I said in my paper, it may be possible to take enough alcohol to counteract 
the effects of smoking, but one ounce of 95 per cent ethyl alcohol before break- 
fast is really a good dose. 

The patient who has arteriosclerosis and does not smoke may have some 
relief and a little vasodilation from the alcohol, but I do not think that it will 
protect him during smoking. 

Hrnes: May I spend the remaining few minutes on suggestions that may help 
the patient to stop the use of tobacco and also may show how a physician can 
help the patient to stop the use of tobacco when it is important for him to do 
so. 

I ask Roth another question. What about drugs and other procedures that 
are advertised in newspapers and magazines as guaranteed to make it more 
pleasant to stop than to continue smoking? 

Rotu: I have watched patients try all the suggestions for the cessation of 
smoking, and I think each individual has to work out his own method. One 
method is to take tranquilizers; some people have done very well with that. 
Most magazines have some method for the cessation of smoking. I think a 
person must make up his mind that he wants to stop smoking. That is the 
one thing that gives enough courage to go on. I haven’t seen anything else 
that stops it. 

Lobeline is sometimes used. This drug, and any of the others that J have 
seen used for the cessation of smoking, have not been very effective. Possibly 
someone knows of something else? 

Hines: We may as well recognize that it is very difficult for a heavy smoker 
to stop smoking, and we should follow some pretty definite rules or principles 
in trying to aid him. ; 

In the first place, it is necessary to be very positive in talking to the patient. 
Do not quibble—this is no time to listen to the wee small voice of the statisti- 
clan saying there is no proof of this. It is necessary to talk positively to the 
patient although proof of what the patient is being told is not 100 per cent. 
Tf any little thing is let slip that allows the patient to think that it is not ab- 
solutely essential for him to stop smoking, he will use it as an excuse to continue 
smoking. I have never known a patient who could stop smoking gradually. 
And I do not think patients can be persuaded to stop smoking unless they are 
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given a very strong incentive to doso. The only incentive in most of the situa- 
tions we have talked about that is strong enough is the incentive of keeping or 
losing his legs. This does impress the patient and you should tell him right 
out that he will have to decide whether or not he wants to continue to chew or 
use tobacco or lose his legs. 

Does anybody else have anything they tell a patient that might be help- 
ful to persuade him to stop smoking? What about some of the smokers here? 
Do they know of any incentives that have not been mentioned that might per- 
suade them to stop smoking? 

MontcomeEry: What do you tell a patient who stops smoking and then loses 
his legs? 

Hines: Well, I hope not to see him. I hope he goes to Philadelphia. 

MontcomEryY: We do see such patients, and it is interesting that they do 
not appear in your statistics. 

Hives: That is right; we did not have any of them in our series. When we 
get enough such patients we shall, of course, see them. 
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